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Abstract 
Peter J. McLean 
The Effect of Synoptic Scale Weather and 
Topography on Road surface Temperatures in Devon. 
Microclimates of various road weather stations in Devon were 
examined. Road surface temperatures were measured during various 
synoptic conditions. Data from the thermal mapping exercise 
conducted by Vaisala TMI were analysed and categorised as clear 
and calm, cloudy and windy, and a condition between the two 
extremes. Results indicate valleys to be relative cold spots in 
clear conditions, and high altitude stations are cold spots 
during cloudy conditions. A separate case study during the cold 
spell of February 1991 reinforced the conclusion and extended 
these views county wide. Coastal stations with surface winds 
were observed to be 1 to 3 deg.C warmer than inland stations. 
Reaction times, the delay in road temperature reaction due 
to synoptic change, showed for the most difficult forecasting 
scenario on the passage of a cold front, small reaction times 
(less than 30 minutes) at exposed sites when clear skies 
resulted, sheltered sites having a reaction time of up to 2 
hours. Sheltered sites in valleys had the largest temperature 
drop due to cold air drainage. 
A surface climate model was used in retrospect to predict 
road surface temperatures at night, each station having its own 
characteristic exposure. Cloud change was estimated from 
satellite images. Results indicate predicted minimum temperature 
within 0.5 deg.C of observation. Real time forecasts were tried 
and an accuracy of 65% at this level was achieved. These results 
were equal or better than the existing "Open Road" forecasts. 
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CHAPTER 1 
INTRODUCTION 
Winter road maintenance which includes snow removal and ice 
prevention is carried out in many countries of the world today. 
To monitor road surface temperatures, Road-weather outstations 
have been installed and by January 1991 a total of 2260 Road-
weather outstations were in operation in 14 different countries, 
which included U.S.A., Canada, Japan and several in Europe, 
Thornes (1991). Sweden had the most Road-weather outstations 
with 600, followed by the UK with 485, these two countries being 
the first in the world to install them. 
Thermal mapping, which involves measuring the spatial 
variation of relative temperature using an infra-red thermometer, 
has also been used and this is carried out during the night to 
produce a thermal fingerprint for a stretch of road. This is 
useful in locating cold spots and for positioning road surface 
temperature devices. By January 1991, 48,550 km of thermal 
mapping in 10 countries had been carried out, of which 32,500 km 
was in the UK, Thornes (1991). Thermal mapping is most useful 
in marginal areas, where temperatures are around 0°C, and so cold 
spots may be below 0°C, whereas others parts may be above 0°C, 
the UK being a good example of where these conditions occur. 
Thermal mapping is discussed in more detail in chapters 2 and 3. 
In the UK the 'Open Road' forecast provided by the UK Met. 
Office has been distributed to 50 counties/regions, Thornes 
(1991). This is achieved by a numerical ice prediction model 
Rayer (1987) and is run for forecast sites in defined climatic 
1 
zones. Devon's first Road-weather station was installed on 
Haldon Hill in 1980. By 1987 a total of 36 sensors had been 
installed making this the largest system in the country at that 
time, Hawk ins ( 1988) . Two photographs of the air and road 
sensors for Friars Hele are shown in Figure 1.1. Four types of 
Road-weather stations are used in the UK, these are Scan, 
Vaisala, Findlay-Irvine and Boschung. Devon uses the former type 
which at current prices costs approximately £10,000 to install. 
These have road temperature sensors which are 1cm beneath the 
surface, air temperature sensors at 5m above the road surface, 
and road temperature depth sensors at 23cm beneath the surface, 
each having an accuracy of ± 0.5°C, and are calibrated twice a 
year. Currently the present annual budget for winter maintenance 
in Devon is £2 million, which covers plant costs, and £18,000 per 
night to salt the county's roads. Unfortunately no figure can 
be quoted by any Devon County Council personnel with regard to 
the reliability of the sensors for a given winter. 
There are no figures available for the number of county wide 
pre-saltings for a given winter, as Devon County Council divides 
Devon into four separate areas and a priority motorway unit, for 
the purpose of pre-salting. The number of pre-saltings for the 
winter months of 1990/91 and 1991/92 is shown in Table 1.1 for 
West Devon and East Devon showing both the temporal and regional 
climatological differences across Devon. 
2 
Figure 1.1 Photographs Showing the Road surface Temperature 
sensor and Air Temperature sensor For Friars Bele 
3 
Table 1.1 Number of pre-saltings by Devon county council for 
the winter months of 1990/91 and 1991/92 
November 
December 
January 
February 
March 
Year 
East 
1990/91 1991/92 
17 
29 
38 
27 
1 
112 
3 
6 
26 
9 
6 
50 
The Environment of Devon 
West 
1990/91 1991/92 
13 
18 
23 
16 
1 
72 
3 
9 
20 
6 
0 
38 
Devon is situated in southwest England and has the greatest road 
length (approx. 14,700 km) of any county. The designated 
primary and secondary routes to be salted account for 70% of this 
length. Devon's varied topography and diverse climatic zones 
complicate winter maintenance. The county can be divided into 
six climate zones according to topography, proximity to the coast 
and exposure to westerly prevailing winds. Three coastal zones, 
North Devon facing the Bristol Channel, and South Devon and East 
Devon both facing the English Channel. In the middle which rises 
to 600m on Dartmoor, are three zones West Devon, Dartmoor and Mid 
Devon. 
North Devon 
This area is featured by high cliffs on the north coast exposed 
to onshore winds from the north and west, and from the west of 
the region altitude increases towards Exmoor in the north-east. 
South Devon 
This climate zone has a varied topography with altitude 
4 
increasing towards Dartmoor in the north.. The south coast being 
exposed to onshore winds from the south and east. 
West Devon 
This area is situated from the western boundary of the county in 
the Tamar valley, increasing steadily in altitude eastwards 
towards Dartmoor. 
Dartmoor 
This climate zone is represented by an area above 250m in the 
middle of Devon, the altitude leading to lower temperatures and 
greater annual rainfall, in many places up to 2000rnrn, over twice 
the annual average of more lowland regions in the county. 
Mid Devon 
This area is situated between Dartmoor and Exmoor, and features 
river valleys. 
East Devon 
This area has a coastline in the south, which is only exposed to 
onshore southerly winds. It rises steadily in altitude to 250m 
in the north-east. 
The major routes of Devon are the A38, A30 and M5. The A38 
stretches from the border of Cornwall in the west, and continues 
along the northern boundary of South Devon and ends near Exeter 
in Mid-Devon. The A38 joins the M5, which stretches on the 
south-eastern boundary of Mid Devon, up to the Somerset border. 
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The A30 runs from West Devon, and continues on to the northern 
edge of Dartmoor, then through Mid Devon, and into East Devon. 
The roads of Devon also have a varied construction 
materials. Table 1.2 shows the road construction details for 
five of the Road-weather stations used by the.uk Met. Office as 
forecast sites. Although the road construction material for the 
5 sites is highly v~riable, this is of small importance in terms 
of night road surface minimum temperature. A sensitivity 
analysis using thermal properties of a total concrete road and 
a total asphalt road gave only a difference in road minimum 
temperature of less than 0. 5 deg. C. Thornes and Shao ( 1991) 
showed that a 20% variation in road construction material gives 
a difference of 0.05 deg.C in road surface minimum temperature. 
The climate of Devon in the winter 
The maritime locality of Devon leads to a generally mild climate 
and severe cold spells are rare, so snow cover is a minor 
problem. Data from the UK Met. Office show the sea temperature 
for the Plymouth and Lundy sea areas around Devon is typically 
about 11°C in December, falling to 8°C at the end of February, 
and as the prevailing winds are from the west, the predominant 
air masses that affect Devon are mild. However, although frost 
is not frequent, it can occur throughout the county. 
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Table 1.2 Road Construction Details of Five Forecast Road-
Weather stations in Devon 
Station Road 
Sourton Cross A386 
Haldon Hill A38 
Roborough A386 
Stopgate Cross A303 
Bratton Down B3226 
14mm 
40rnrn 
40mm 
llOmm 
90mm 
60mm 
150mm 
Details 
Surface Dressing 
Dense Bituminous 
Surface Dressing/Dense 
Bituminous 
Open Textured Macadam 
Bituminous Road Base 
Hot Rolled Asphalt 
Base Course 
Road Base 
40rnrn Dense Bituminous 
40mm Dense Bituminous 
lOmm Dense Bituminous 
75mm Dense Bituminous 
Granular Non-cementing Road Base 
45mm 
3 5rnrn 
lOOmm 
20rnrn 
60rnrn 
Hot Rolled Asphalt 
Hot Rolled Asphalt 
Dense Bituminous 
Dense Bituminous 
Quartzite Sub-base 
Bituminous Road Base 
5rnrn Surface Dressing 
45mm Dense Bituminous 
130rnrn Dense Base Course 
(graded stone) 
As the number of air frosts are considered as a good 
indication of the number of road frosts, a comparison is made in 
Table 1.3 between Exeter in Devon and Carlisle in the north of 
England. It shows that average January temperatures are lower 
at Carlisle than Exeter, and this is reflected in the number of 
air frosts per year with Carlisle having about 20% more frosts. 
The number of days of snow however in Carlisle is more than twice 
as much as Exeter. This means snow is more of a problem in 
Cumbria than Devon, where ice is the major winter hazard. 
Therefore in Devon the winter maintenance budget is spent more 
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on salting operations than snow removal and the efficient 
forecasting of such conditions will be of direct benefi t . 
Table 1.3 Average January temperature (1946- 70) and mean 
number of days of air frost and snow (1956-70) for Exeter 
(Devon) and Carlisle (Cumbria). Data from Monthly summary 
provided by the OK Met. Office. 
station 
Exeter 
Carlisle 
Altitude 
(m) 
32 
26 
Average Jan . Temp . 
Max Min 
7.4 
5.6 
2. 4 
1.1 
B ri s t o C h a n nel 
< 
, \. 
) .. -( 
·-· cc: ... 
COR V W A '-L 
No . of day s per year 
Air Frost Snow 
41.4 
56.1 
N 
4\ 
-, 
14.8 
36.2 
S O M tR S ~ T 
E n g i s h 
Ch ann el 
Land over .300m ~ 
Sca le 
o ;s k m 
L-------------~------------------------------~ FIGURE 1.2 The county Of Devon with the Major Roads and the 
Locations of Weather Stations in Table 1.4. Areas Above 300 
Metres Shown Shaded. 
Note : The quality of some of the figures in this thesis may not 
be of the appropriate standard . This is either due to the 
software difficulties with the satellite images or to reducing 
and photocopying. 
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The average air temperature with the average number of air 
and ground frosts that occur during the winter is shown in Table 
1.4, for the stations shown in Figure 1.2 above. This shows the 
variability of the temperature across the county, especially with 
regard to the number of days of air and ground frost. Inland 
stations have frost more frequently than coastal stations. For 
all the stations the frequency of ground frost is greater than 
for air frosts, because cooling occurs due to net longwave 
radiation being lost from the surface, and air is cooled mainly 
by radiative exchange with the cooling surface. The number of 
days where road surface temperatures would be OQC is expected to 
be between the two, as road surfaces have a higher specific heat 
capacity than soil. Also during certain weather conditions for 
specific sites road surface temperatures may be higher than air 
temperatures, Wood (1994). An example is on calm clear nights 
in valleys, where cold air results from katabatic drainage as 
well as from net longwave radiation loss from the surface. 
Table 1.4 Average January Temperature (1946-70) and Average 
Number of Days of Air and Ground Frost for various stations in 
Devon (Data from The West Country Weather Guide, Rich (1980)) 
Station 
Exeter Airport 
Hartland Point 
Plymouth 
Princetown 
Tor bay 
Average Jan. Temp. 
Max (QC) Min (QC) 
7.4 
7.3 
8.0 
5.1 
8.4 
2.4 
4.3 
3.8 
0.5 
3.0 
Mean No. of 
Air Frosts 
(Per Year) 
41.4 
14.8 
26.7 
44.6 
24.9 
Mean No. of 
Ground Frosts 
(Per Year) 
97.4 
27.1 
65.7 
86.2 
49.9 
The most common situation in Devon for ice formation on roads in 
winter is with a prevailing anticyclone, especially when this 
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lasts several days. When clear skies occur, net radiation loss 
at night allows temperatures to fall below 0°C giving a risk of 
icy conditions. Often skies are partly cloudy in anticyclonic 
conditions, and therefore prediction of ice is more uncertain. 
Icy conditions may occur during windy conditions when an Arctic 
Maritime air mass with northerly winds, or Polar Continental air 
mass with easterly winds is present over Devon. On these 
occasions the air temperature falls below 0°C during the night 
even if skies are cloudy, and sometimes daytime temperatures 
never rise above 0°C. These conditions are associated with the 
more severe cold spells such as that examined in Chapter 4. Icy 
roads may also occur after the passage of a cold front. Cooling 
lasting typically over four hours causing a large temperature 
fall and icing of wet roads. This is examined in Chapter 6. 
Although winters on average are mild in Devon, there are 
many variations in weather from the daily to the annual time 
scale. When westerly winds dominate, a mild winter occurs. 
However if anticyclonic conditions dominate the winter, and 
especially if the cold air masses described above are present for 
long periods, winters can be fairly cold. An example of a cold 
winter is the winter of 1984-5 when salting and snow clearing 
operations cost Devon County Council £2.4 million against a 
budget of £1.2 million. Data from Plymouth Weather Centre which 
is part of the UK Met. Office, shows that between 1941-70 wind 
direction in January was between the south and west 43% of the 
time, whereas wind direction was between north and east 26% of 
the time. Therefore the average winter features westerly winds 
and mild weather with short cold spells in between. 
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Figure 1.3 Winters in Plymouth 1874-1992 
Mean and 10-yr Running Mean Air Temps. 
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Figure 1.4 Winters in Plymouth 1874-1992 
Running 10-yr standard Deviation in Mean Temp. 
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Figure 1.3 shows the mean winter temperatures for Plymouth with 
a 10 year running mean over the last 120 years and shows when 
cold winters occurred. There have been 20 winters colder than 
1 standard deviation below the long term mean, the running 
standard deviations can be seen in Figure 1.4. The running means 
imply some periods are warmer than others, notably the 1920's and 
30's, no evidence of global warming is shown. A trend in 
variability is difficult to pick out in Figure 1.4 although 
variability appears high at the beginning and end of the record. 
The Existing Road Temperature Forecasting Network In Devon 
The 35 road weather stations in Devon are shown for the described 
climatic zones of Devon in Figures 1.5-1.10. These maps were 
obtained from a map of the whole county supplied by Devon County 
Council, this was the only map available with the locations of 
the Road-weather stations. Devon County Council receives data 
every 15 minutes from each site which consists of road surface 
temperatures, air temperatures, relative humidity, surface 
conductivity and road conditions, e.g. dry or wet. Windspeed and 
direction is received for these sites at Haldon Hill, Sourton 
Cross and Ash Mill. This information is relayed from the road 
weather stations to County Hall and then to the UK Met. Office 
at Plymouth, see Figure 1.11. 
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Figure 1.8 The Road Weather Stations in Mid Devon 
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Figure 1.9 The Road Weather stations in the Dartmoor Region 
Figure 1.10 The Road weather Station in south Devon 
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Figure 1.11 Network of Road Weather Data in Devon 
A forecast is made daily around noon, and relayed back to 
County Hall, Exeter. The forecast is updated if there is a 
change in the expected synoptic conditions . Forecast data 
includes graphs and text and also 2 to 5 day general forecasts. 
Using the forecast data a map is produced which shows the 
expected temperatures for certain stretches of road. This 
information is received by Devon County Council by modem and 
decisions to use salt on the roads are determined accordingly. 
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The University of Plymouth can access this data through a modern 
link to County Hall but does not input data operatively. 
Currently the following stations are used as forecasting stations 
by the UK Met. Office; Haldon Hill, Roborough, Sourton Cross, 
Cross Farm, Bratton Down and Stopgate Cross. Chapter 8 contains 
a study for Devon County Council and examines whether two of 
these stations are representative as forecasting indicators in 
their climate regions. 
In recent years improvements have been made to the existing 
forecasting model for Devon. These include using a statistical 
templet for the preceding seven days Astbury (1992), which means 
that an average of the errors in the forecast for the last seven 
nights is added to the following nights forecast, thus reducing 
the forecast error. The forecast also uses radar and satellite 
images, and there is direct consul tat ion between the UK Met. 
Office and Devon County Council. 
When icing of roads is forecast the roads in that area are 
salted, but priority is given to major roads. The rate of 
spreading of salt varies according to the road conditions. If 
the road is mainly dry with some wet patches the rate of salt 
spread is 10 gfrn2 on the wet patches only. The rate of salt 
spread is 10 g;rn2 if the formation of hoar frost is expected or 
the road is wet. If ice has already formed the rate of salt 
spread is 15-40 g;rn2 • 
The savings as estimated by Devon County Council on the 
expenditure on salt each winter after the recent improvements 
have been implemented are shown in Table 1.5. These do not 
attempt to quantify the reduction in road accident costs. 
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Although statistical methods are useful they cannot be used to 
forecast road surface temperatures accurately for every synoptic 
situation at every road station. Therefore inputs into the 
forecasting model considering various synoptic situations will 
provide more consistent results. Although during the period of 
this research the UK Met. Office carried out the road surface 
temperature forecasts for Devon, this contract has ended because 
of competitive tendering. The forecast is now made by Ocean-
Routes UK Ltd, a company partly based in Aberdeen. The 
consequences of the road surface temperature forecasts carried 
out from Aberdeen and remote from Devon is not yet known and is 
not applicable to this research. 
Table 1.5 Estimate of savings in Winter Season from use of 
Open Road Forecast (Ackerman (1993)) 
F Orec::LSt 5 i tes 
Re borough 
Haldon 
Clvst Honiton 
Stopgatc 
Branon Down 
Sounon 
Aims Of The Research 
Cost Savings 
£:!6.859 
£13.874 
£14.921 
£14921 
£15.811 
£8.953 
Eqw\-aicnt to i Coun~1dc 
saltings saved. 
The aim of this research, is to improve the forecasting of road 
surface temperatures in Devon in winter. Devon County Council 
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required a study of the synoptic effects on road temperature 
across the county. This will contribute to reducing the costs 
of spreading salt on the roads each winter, as well as reducing 
the number of road accidents related to icy roads, although the 
latter is beyond the scope of this research. 
A literature survey on relevant work is described in chapter 
2 and includes empirical methods 
physical equations. Research 
and computer models using 
on topographical factors 
influencing air and road surface temperature is covered. 
Chapter 3 outlines the results from the thermal mapping 
exercise by Vaisala TMI for Devon County Council. Thermal 
mapping was conducted for certain routes during three different 
weather conditions; clear, partly cloudy and cloudy. These 
results determined which road weather stations were relatively 
cold during each of the weather conditions. There is a site 
classification, including descriptions for each road weather 
station in terms of height, exposure and topography. 
Chapter 4 is a case study of a cold spell and compares road 
surface and air temperatures for each road weather station 
reinforcing the work of chapter 3 in determining the coldest 
sites. 
Chapter 5 attempts to quantify the coastal effect on road 
surface temperature by comparing coastal stations with inland 
stations. This is carried out on nights of varying onshore wind 
speeds and cloud cover. 
Chapter 6 describes how road temperatures react to a drop 
in air temperature after a cold front has passed over the region. 
Four case studies are described, comparing the reaction times of 
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the different sites as well as how large the drop in temperature 
was for each occasion. 
In chapter 7 the Road Temperature Forecasting Computer Model 
used for this research is introduced. The model is tested 
retrospectively for one site during different synoptic 
conditions. METEOSAT images are used to estimate cloud amount 
over Devon, and as cloud inputs for the model. 
In chapter 8 retrospective forecasts were made, to compare 
two current forecasting sites, with another site in the 
corresponding climatological zones. Retrospective forecasting 
is made for valley and coastal sites during clear nights and 
adjustment to model inputs are made to account for prevailing 
local weather conditions at these stations. 
The model is used for real time forecasting in chapter 9, 
incorporating METEOSAT images to forecast road surface 
temperatures on nights when cloud is expected. As four satellite 
images are archived, the speed of the approaching cloud can be 
calculated, and therefore the time at which cloud cover will 
occur at each site can be estimated and entered into the model. 
The conclusion outlines the benefits of this research and 
the synoptic implications in the forecasting of road surface 
temperature are summarised for possible use by Devon County 
Council. Improvements on the 'Open Road' forecast are discussed 
in chapter 10, and recommendations are made for implementing 
these into road temperature forecasting in the future. 
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Chapter 2 
Literature survey 
This literature survey shows a variety of methods of improving 
winter road maintenance in terms of ice prediction. Many of the 
papers discussed in this chapter relate to surface climate models 
developed in the 1980's to predict road surface temperatures, 
over 24 hours. Three basic models are mentioned, the Thornes 
model, UK Met. Office model and Swedish model. All the units in 
the equations are SI units unless otherwise stated. Also other 
techniques like thermal mapping and thermography are discussed, 
as well as work carried out by the Swedes on the influence of 
topography on road surface temperatures. 
The problem of diurnal variation of surface temperatures for 
soil was firstly tackled by Brunt (1934). He solved the 
diffusion equation for the soil considered as a semi-infinite 
solid, with a constant radiation flux away from the surface. 
Heat conducted downward from the atmosphere was neglected. The 
soil was initially isothermal but a temperature gradient 
developed in the upper layers of the soil in response to the 
imposed heat flux. The boundary condition was that the energy 
fluxes balance at the surface. 
The first numerical model for road temperature prediction 
was developed in the early seventies. Thornes (1972) describes 
the model which uses Reuter's formula, Reuter (1951), for minimum 
soil temperature, which is : 
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where 
~T = 
1T = 
Pg = 
cg = 
kg 
cp = 
p = 
A = 
E = 
B = 
y 
= 
1 
liT= F(E + Bkg + (Y- Y d) C/>) t 2 (2 .1) 
fall in temperature at the ground surface from 
sunset to sunrise during a night of length t 
F= 2 1 
1 1 1 
1t2 (p gc~gl 2 + cP (pA) 2 
3.142 
density of soil 
specific heat of soil 
coefficient of heat conductivity of soil 
specific heat of air at constant pressure 
density of air 
coefficient of eddy conductivity in air 
(2. 2) 
net outgoing long-wave radiation from surface 
under cloudless conditions 
lapse rate in soil at sunset 
lapse rate in air at sunset 
dry adiabatic lapse rate 
This was applied to a concrete surface so that 
1 
liT= F(E + Bkc + (Y- Yd) C/>) t 2 (2.3) 
where 
F= 2 1 
1 1 
( p cCc}cc) 2 + C., ( pA) 2 
(2. 4) 
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E = aT:(0.194 + 0.236 x 10-0 · 069 e) (2. 5) 
= surface temperature of concrete at sunset Pc' Cc 
and kc are values of density, specific heat and coefficient of 
heat conductivity of concrete. 
Reuter showed that the terms Bkc + (Y - Yd)CpA are about 10 
times smaller than E and therefore can be neglected, so the 
equation can be simplified to : 
l 
ll.T = Ft 2 KE (2. 6) 
where factor K is an allowance for cloudiness. 
By the early eighties a surface energy balance model which was 
a modification of the Myrup (1969) and Outcalt (1971) models had 
been developed and is described by Thornes (1983). This allowed 
the simulation of surface temperatures over a 24 hour cycle. The 
surface energy balance can be described by the equation 
RN= H + LE+ G (2. 7) 
where 
RN Net Radiation 
H = Sensible Heat Flux 
LE Latent Heat Flux 
G = Downward Vertical Flux 
Net radiation RN was calculated by incorporating Angstrom's 
formula for terrestrial radiation. 
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RN= (1-o:) (Q+q)-(eaTi-(aT1(0.82-0.25 * oo-o.o94 e)))) (2.8) 
where 
a = surface albedo 
Q = beam solar radiation 
q = diffuse solar radiation 
€ 
= emissivity of surface 
a = Stefan-Boltzmann constant (5~67*10-8wm-2K-4 ) 
e vapour pressure in mb at 2m 
TB = surface temperature in Kelvin 
TA = air temperature at 2m 
Solar radiation was varied according to Wood's ( 1978) cloud 
factors and a variable surface albedo was considered according 
to the angle of the sun. The nocturnal radiation loss in the 
presence of cloud was adjusted using Thorne's Kcloud factors 
(1983). 
The sensible heat flux, H and latent heat flux, LE were 
calculated using the equations : 
where 
p = 
cP 
L 
KH & KE 
LE= pLK aq 
E az 
air density 
specific heat of air at constant pressure 
latent heat of vaporisation of water 
(2.9) 
( 2. 10) 
coefficients of eddy transfer of heat and water 
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q 
z 
= 
= 
= 
vapour 
potential temperature 
specific humidity 
height above surface 
It was suggested that satellite and radar information would 
improve the accuracy of cloud data. A numerical model based on 
the one just described is used in this research, to predict road 
surface temperatures using satellite data, and is described in 
chapter 7. 
A description of how the Thornes (1983) model can predict 
the road surface temperature over 24 hours was given by Parmenter 
and Thornes (1986). The results from retrospective forecasting, 
Thornes (1983), from the winter 1984/5 were discussed, and how 
optimistic and pessimistic real time forecasts could be made for 
3 motorway road weather stations in the Midlands. 
Eventually the UK Met. Office developed a model which is 
described by Rayer (1987). This replaced their road danger 
warnings which were based on air temperature forecasts. 
The short-wave flux, S absorbed at the site is determined 
according to the formula: 
where 
S' = 
Tw = 
= 
(2.11) 
atmospheric attenuation of the extra-terrestrial 
radiative flux 
transmissivity of the atmosphere after allowing 
for absorption by water vapour 
transmissivity of the atmosphere after attenuation 
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by aerosol 
T) = solar zenith angle 
c function of the sky fraction of cloud 
= surface albedo at site 
The long-wave flux, L is given by: 
L=(208+6TA) +B (2. 12) 
where 
= screen temperature (°C) 
B = longwave flux due to cloud 
The flux of sensible heat, H is calculated using the equation: 
( 2. 13) 
where 
= the volumetric heat capacity of the air 
~T = difference between the temperature last calculated 
at the surface and that at screen height 
= resistance to the upward vertical turbulent 
transfer of sensible heat in the layer between the 
surface and screen height 
The flux of latent heat V is given by: 
( 2. 14) 
where 
~e = difference between the vapour pressure (saturated) 
at the surface and that of the air at screen 
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y = 
= 
= 
height (mb) 
psychrometric constant (0.66 mb/deg.C) 
term expressing the resistance of the surface to 
evaporation 
resistance to the upward vertical turbulent 
transfer of latent heat in the layer below screen 
height 
The downward vertical flux of energy, G(O,t) at the surface at 
any time, t is given by: 
G(O, t)=S+L-R-H-V ( 2 .15) 
where 
R = Upward longwave flux from the surface 
Within the core the vertical flux, G(z,t) is: 
where 
k ( z) 
T ( z, t) = 
G(z, t) =-k(z) :~ (2.16) 
thermal conductivity at depth z 
temperature at depth z, and time t 
The forecasts are made using initial values of road surface 
temperature and the fluxes are calculated from variables supplied 
during the forecasting period. The Rayer model is used in the 
'Open Road service' which allows paying Local Authorities to 
access road surface temperature forecasts via a modem and 
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microcomputer. This 'Open Road' service began in winter 1986/7 
and overcame the difficulties in transferring data to and from 
the forecaster and highway engineer due to the diversity of 
manufacturers. Eccleston (1989) explains how the 'Open Road 
service' started at Manchester Weather centre and Cheshire County 
Council, until eventually in the winter of 1988/9 all weather 
centres provided this service. 
To aid the forecasting of road surface temperatures in a 
region, thermal mapping is used which is discussed by Thornes 
(1989). It involves scanning a very small strip of road 
continuously with a vehicle-mounted radiometer assuming a certain 
emissivity, to measure relative temperatures along a stretch of 
road. This enables relatively cold spots to be found. Thornes 
describes how the surveys of microclimate and thermal mapping are 
used to identify warm and cold sites. 
Work has been carried out in Sweden to determine the 
variation in temperature due to topographical factors. 
Techniques used were: Thermal mapping, using field stations, and 
thermography. Thermography is an infrared technique used to 
obtain detailed temperature measurements and involving analyses 
of an area of road and is described by Gustavsson and Bogren 
( 1990). Relative temperature differences were measured, as 
external parameters such as emissivity, reflected ambient 
temperature and atmospheric temperature are difficult to obtain 
accurately. According to Gustavsson and Bogren (1989) valleys 
were found to be areas where the lowest temperatures occurred in 
clear calm conditions. A breeze meant that wind sheltered 
valleys gave the lowest minimums, and in cloudy windy conditions 
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temperature decreased with height by 1°C/100m. Another study was 
carried out using 8 stations in the county of Skaraborg, Sweden, 
and is described by Gustavsson (1990). The same conclusions were 
reached although stations situated in flat areas were also among 
the coldest because stronger temperature inversions are formed, 
stabilising the air. 
During the day, large road surface temperature differences 
occurred between exposed and shadowed areas in clear conditions, 
and had a decreased, but still marked difference, during the 
night as found by a study carried out in the counties of 
Skaraborg and Alvsborg in Sweden by Bogren (1990). Orientation 
and densi~y of the object were the major factors. Bridges were 
found to be cooler than the adjacent roads due to different 
thermal capacities, especially during calm clear nights. Smaller 
bridges were found to be colder than large bridges according to 
Bogren (1990) and were at maximum 1 deg.C cooler than adjacent 
road stretches. 
Ice formation was also found to occur during warm air 
advection. Gustavsson and Bogren (1990) used 48 field stations 
in s.w Sweden, and 3 of these sites were analyzed in detail. 
Road slipperiness occurred in areas where initial temperatures 
were lowest due to topography, e.g. valleys, when clear calm 
conditions preceded warm advection. Geography was more important 
when cloudy conditions preceded warm air advection due to frontal 
movement from west to east, warming the more westerly road 
stations first. Another study was made in the county of 
Sodermanland, S.E Sweden, by Gustavsson (1991), and the same 
conclusions were reached. However, reaction time of the road bed 
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material was the main control over road slipperiness when cloudy 
conditions preceded warm advection. 
Bogren and Gustavsson (1991) plotted the depth of a valley 
against the differences in air temperature between valley bottoms 
and surrounding areas (dT) for 140 valleys, and then did the same 
for valley width against (dT), during calm clear conditions. From 
this they devised a multiple regression equation to describe the 
air temperature difference in valleys as a function of valley 
width and depth. 
dT = 0.57W + 0.06D 
where 
dT is in deg.C. 
W Valley width (km) 
D = Valley depth (km) 
(2.17) 
The topographical influences in a valley were found to be 
wind shelter, stagnation or local production of cold air, and 
cold air advection. Another graph was plotted for wind speed 
against (dT) during clear windy conditions and the following 
equation was devised: 
dT = exp ( 2 . 1 - 1 . 1 U! ( 2. 18) 
where 
U = wind speed in mjs 
In this case wind exposure was found to be the principle 
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effect when wind speeds were above 2-3mfs. A moderate increase 
in cloud gave a reduction in cold pool intensity. The road 
temperature dropped 0. 4 deg. c for every 1 deg. c drop in air 
temperature in valleys. This was attributed to the thermal 
properties of the road bed. 
From the work carried out by Bogren and Gustavsson a model 
was developed to forecast road surface temperatures. According 
to Gustavsson and Bogren (1990), extrapolations were made using 
results of the stations and thermal mapping was used to divide 
the road stretch into smaller units. To forecast road surface 
temperature a tree algorithm was used. First of all the time of 
day is considered, there are two sublevels, night and day. The 
next level involves wind, in which three categories are used. 
The third level concerns cloud amount where the divisions were 
clear, partly cloudy and cloudy conditions. 
By the early nineties different numerical models had been 
developed. Shao (1990) has further modified the surface energy 
balance model using an unsteady one-dimensional heat conduction 
equation, known as the Icebreak model.Each of the models have 
their advantages and drawbacks so a comparison is difficult, and 
so is not made here. However a comparison was made by Thornes 
and Shao (1991) for the UK Met. Office model, Thornes model and 
Icebreak model. They outlined the following differences between 
the models: 
1. The basic equation used is the Heat Conduction equation for 
the Icebreak and Met. Office models, whereas the Energy balance 
equation is used in the Thornes model. 
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2. The Icebreak and Met. Office models have a road temperature 
profile, whereas the Thornes model does not. 
3. The Icebreak and Thornes model includes longitude, but the 
Met. Office model does not. 
4. The Icebreak model is the only one of the three models that 
accounts for sky view factor and the influence of traffic. 
5. The inputs are the same, although the Met. Office model also 
includes an input for low cloud amount and the previous days Road 
Surface Temperature profile. 
6. The method of discreterization for the Icebreak model is 
Control volume, and for the Met. Office model is Finite 
difference. 
7. The derivation of the forecast, for the Icebreak model is 
by solving the basic equation by a fully implicit scheme, the 
Thornes model searches for a root of the basic equation by 
iteration, and the Met. Office model solves the basic equation 
by a fully explicit scheme. 
When testing the three models over 95 nights using the same input 
source Thornes and Shao found the UK Met. Office model had a 
consistently cool bias, the Thornes model was cool during late 
morning, whereas the Icebreak model was the closest to measured 
road surface temperatures. The onset of frost was predicted on 
average an hour early by the Met. Office, and the Thornes and 
Icebreak models forecasted frost 37 minutes and 30 minutes late 
respectively. There was a marked improvement using the 
retrospective forecast as opposed to the real-time forecasts for 
the Thornes and Icebreak models. It is important to remember in 
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these comparisons that the true road surface temperature is 
unknown. The model output are compared with measured road 
surface temperatures, which are in fact temperatures measured by 
thermistors approximately 1cm below the surface, which are 
calibrated to ± 0.5 deg.c. The measured temperature may be as 
much as 1 deg.c above the actual surface temperature on clear 
nights as described by Lister (1990). The apparent cold bias of 
the Met. Office model may be in these circumstances untrue. 
Research has been carried out by Thornes and Shao (1992) to 
reduce the negative bias on the Met. Office model using a 
statistical templet. They describe the templet which involves 
taking the mean hourly error over the previous seven days and 
applying it to the hourly forecast curve for the next 24 hours. 
They also showed how the accuracy of the forecasts was improved 
by using a 4 grid mesoscale model. The statistical templet used 
on the Met. Office is tested by Astbury (1992) and showed that 
the forecast road surface temperatures were closer to the 
measured road surface temperatures as a result. The limitations 
of statistical methods are that they cannot be used to forecast 
road surface temperatures for specific sites during changeable 
weather conditions. 
A sensitivity analysis was carried out for different 
parameters for a model predicting road surface temperatures by 
Thornes and Shao (1991). It was concluded that the 
meteorological parameters had the most effect on the error for 
predicted road surface temperature. A ± 1 deg.C difference in 
air temperature resulted in a ± 0.8 deg.c difference in road 
surface temperature, cloud cover was the next important with ± 
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1 okta giving a difference of about ± 0.3 deg.C. Wind speed and 
dew point temperature have a small effect, ± 3 kts giving a 
difference of about ± 0. 15 deg. c, and ± 1 deg. C, giving a 
difference of ± 0.1 deg.C respectively. A 20% variation in the 
thermal conductivity and capacity of the roads construction 
layers led to about ± 0. 05 deg. C difference in road surface 
temperature. 
Other relevant work discusses the minimum temperature 
variations due to topography, especially with respect to cold air 
drainage. This has been investigated by Tabony (1985) who 
defined two types of shelter, local shelter and large scale 
shelter. Local shelter is where the height above the valley is 
represented by the drop in altitude within 3km and is 
characterised by cold air drainage. Large scale shelter is 
represented by the average height above a valley over a radius 
of 10km, and is important during winter especially in cold 
spells. A description was made of cold air drainage in a valley, 
showing how katabatic winds produce a stable layer at the bottom 
of the valley which increases in depth during the night. It was 
found that during nights with some cloud and wind, cold air 
drainage is prevented. 
Thompson (1986) showed that cold air drainage is initially 
caused by rapid cooling of the valley bottom compared to the 
higher slopes just before sunset, due to a low sun, free 
radiation from the bottom and an absence of turbulent mixing, 
rather than a katabatic flow due to cooling of the valley slope. 
This cooling initiates a flow along the valley axis, caused by 
differential cooling of the valley bottom. 
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Hunt (1987) describes how the UK Met. Office have dealt in 
the past with various phenomena that occur in Britain during the 
winter, including snow and ice. It mainly concentrates on severe 
cold spells, e.g. January 1987, and the difficulty in forecasting 
the onset of such conditions. Developments in road surface 
temperature forecasting including numerical models and thermal 
mapping are discussed, along with the 'Open Road' service, and 
how this is a benefit to the public. 
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Chapter 3 
site Appraisal and the Use of Thermal Mapping in Determining 
Cold spots 
Introduction 
As mentioned in chapter 1, thermal mapping has been carried out 
in 10 countries, two thirds of the total distance mapped being 
in the UK. It is used to identify which part of the road network 
needs preventative salting first, to locate permanent road 
sensors, and reduce the number of road sensors required in a 
region. Only four counties in England and Wales had not carried 
out thermal mapping by the end of 1990, Thornes (1991). 
Thermal mapping measures the relative temperature 
differences of a stretch of road, to ± 0.5 deg. c and actual 
surface temperature only has an accuracy of ± 2 deg.C. This is 
mainly because emissivity of the road surface cannot be known 
accurately. Also the road surface over a stretch of road may be 
different, giving a different emissivity. A dry road will also 
have a different emissivity than a wet road. 
In Devon thermal mapping was carried out by Vaisala TMI on 
various dates in 1988, 1989 and 1990, 8 years after the first 
Road-weather station was installed, and a year after all the 
stations were installed. Devon County Council funded the 
operation to check whether the Road-weather stations, were in the 
right locations, i.e. cold spots, and to find out whether there 
were other relatively cold areas elsewhere. Vehicle-mounted 
radiation thermometers scanned 56 routes incorporating most of 
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the road weather stations around the county. Only certain routes 
were examined as economic factors limited the amount of thermal 
mapping that could be carried out. Road weather stations 
corresponding to the routes can be seen in Table 3.8 and 3.15. 
The thermal finger print for each road showed the temperature 
differences to an accuracy of ± 0.5 deg.C along the routes, and 
gave information on the location of relatively cold areas. 
Thermal mapping was carried out after midnight as the cooling 
curve is less steep at this time, and so temperature changes are 
small in the time the vehicle scans the entire route. The road 
surface temperature at each station was compared to the 
relatively measured differences in radiative surface temperature 
along the route during three different weather conditions. The 
number of vehicles limited the number of routes that could be 
carried out each night, and so thermal mapping was carried out 
for a total of eleven nights. 
A cold spot was defined as a site where the road surface 
temperature was more than 0. 5 deg. c below average for the 
particular route during the thermal mapping. Cold spots found 
after studying the thermal mapping data are listed according to 
the weather conditions at the time. This was done by dividing 
the synoptic situation into three categories: 
1. Extreme - where there is less than 3 oktas of cloud and light 
winds of less than 2 m/s. 
2. Damped- where there is greater than 6 oktas of cloud, unless 
cloud is high. 
3. Intermediate- where there was between 3 and 6 oktas of cloud 
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and light winds, or less than 3 oktas of cloud and moderate or 
strong winds of greater than 2 mjs. 
The thermal fingerprints are used in maps for nights representing 
the three categories above. These are used in the 'Open Road 
forecast' in Devon by the lJ.K Met. Office, with the forecast 
minimum road surface temperature at the forecast sites, to 
produce a forecast thermal map for the major routes. Ice is most 
likely to form during clear and calm conditions associated with 
anticyclones, in the form of hoar frost, or during calm clear 
conditions after the clearance of a cold front, in the form of 
black ice. On both these occasions the category is extreme or 
intermediate, and so the cold spots in extreme and intermediate 
conditions are the locations where ice is most likely to occur. 
This chapter analyses the thermal mapping data to find out 
which Road-weather stations are cold spots for the three 
different categories, and especially the cold spots during all 
three categories. This is of particular interest regarding the 
suitability of the forecast sites for providing early warning of 
freezing conditions. The limitations are that the routes were 
scanned on different nights, which means a county wide analysis 
cannot be made. As the accuracy of road surface temperature 
measurement is ± 2 deg.C a comparison between thermal map and 
sensor data for each Road-weather station at the time the thermal 
mapping was carried out would have been useful. Unfortunately 
this cannot be achieved as Devon County Council only archives the 
sensor data for a year, and only the minimum road surface 
temperatures for the sensors are available. The weather 
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conditions for each route, shown in this chapter, is obtained by 
Vaisala TMI who state the weather conditions during the route 
with the diurnal curve which accompanies the thermal maps. 
synoptic Conditions During Thermal Mapping 
Observations During 1989 
Route 
25 
26 
28 
29 
31 
32 
35 
37 
39 
Table 3.1 Location of Each Route 
Roads 
A35, A3052, 
A381, A384 
A38, A379, 
A384, A386, 
A382, A30, 
A381, A382 
A375 
A381 
83357 
A386 
Location Climate Zones 
E. Devon border-Mid A375 E.Devon 
S.Coast-Pridhamsleigh S.Devon 
Plymouth-nr Kingsbridge S.Devon 
w. Devon border W.Devon 
-Princetown Dartmoor 
Mid A382-A3072 June. Mid Devon 
Dartmoor 
W.Devon 
Teignmouth-Mid A382 S.Devon 
Mid Devon 
83215, A386 83215/A3072 Junc.-Friars He le W.Devon 
83220, 83227 Mid 3220-A388 June. Mid Devon 
N.Devon 
A361 MS Junc.-S.Molton Mid Devon 
N.Devon 
The locations of the routes carried out during the winter of 1989 
are explained in Table 3.1, and can be seen for the appropriate 
climate zones in Figures 3.1-3.6, which is shown in the folded 
sheet at the back. The thermal mapping was carried out over six 
different nights, and below is a description of the synoptic 
conditions for each night, as well as a synoptic chart at 1200 
GMT on the day before. 
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January 22nd 1989 
Figure 3.7 shows a depression in the North West Atlantic and an 
anticyclone centred over Northern Spain. A ridge of high 
pressure is situated over the British Isles with fronts 
approaching N.W. Scotland. During thermal mapping there was a 
light northwesterly airstream over S.W. England. The ridge of 
high pressure at this time was just moving in to the western side 
of Britain, while the eastern side was still under the influence 
of a depression centred over Scandinavia. The classification for 
this night is extreme. Table 3.2 shows that route 29 was colder 
than the other routes. This is probably because the other routes 
were closer to the coast. Route 29 was further inland and passed 
through Dartmoor, and so was higher above mean sea level than the 
other routes. 
Figure 3.7 Chart for 1200 GMT January 22nd 1989 from weather Log 
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Table 3.2 Weather Conditions for Each Route on January 22nd 1989 
Route Time Road Cloud Wind Mean* Rang et 
(GMT) Condition Road Temp (deg.C) 
(oC) 
25 0400 Wet/gritted None Calm 2.4 5.0 
26 0012 Wet/gritted None Light NW 2.6 3.5 
28 0213 Wet < 2/8 Light NW 2.7 3.0 
29 0330 Wet < 2/8 Light NW 1.6 3.0 
37 0255 Wet 2/8 Light NW 3.1 4.0 
* Mean road temperature refers to the mean road surface 
temperature along the route. 
t Range refers to the road surface temperature range along the 
route. 
January 30th 1989 
As can be seen from Figure 3.8 an anticyclone is situated from 
the English Channel to S.E. Europe. A front is affecting the 
north of Britain. During the night before, the situation was 
similar to that on the following day, with an anticyclone centred 
just southwest of Britain influencing the southern half of the 
country. The classification for this occasion is extreme, Table 
3. 3 shows that route 3 5 was warmer than the other routes. 
Possibly the onshore northwest wind, affected this route more 
than the other routes which were located further inland. 
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Figure 3.8 Chart for 1200 GMT January 30th 1989 from Weather Log 
Table 3.3 Weather Conditions for Each Route on January 30th 1989 
Route Time Road Cloud Wind Mean Range 
(GMT) Conditions Road Temp. (deg.C) 
(oC) 
25 0419 Dry None Calm 0.9 4.0 
35 0153 Dry None Light NW 2.6 5.5 
39 0438 Dry None Light NW 0.4 4.5 
February 1st 1989 
Figure 3.9 shows an anticyclone centred over southern central 
Europe. A cold front is approaching Scotland and there is a 
light southwesterly flow over S.W. England. During thermal 
mapping, the anticyclone was moving east into central Europe. 
A very light southerly airflow had been established at this time 
over most of Britain. However, over Scotland the winds were 
stronger and from a southwesterly direction. The classification 
of this situation is damped. Table 3.4 shows little variation 
in the road temperatures across most of the routes. The higher 
temperatures are on routes 25,26, 28 and 32 in South and East 
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Devon. The other routes further inland in the north had lower 
road surface temperatures. A light southwesterly airflow 
occurred, so that coastal routes in the south experienced an 
onshore wind, enabling more efficient mixing of 
surface air and higher surface temperatures. 
Figure 3.9 Chart for 1200 GMT February 1st 1989 from Weather Log 
Table 3.4 Weather Conditions for Each Route on February 1st 1989 
Route Time Road Cloud Wind Mean Range 
(GMT) Conditions Road Temp. (deg. C) 
(oC) 
25 0348 Dry 8/8 Low Calm 7.2 2.0 
26 0012 Dry 8/8 Med Calm 7.0 2.5 
28 0208 Dry 8/8 Med Calm 7.2 2 .5 
31 0239 Dry 8/8 Low Calm 6.8 3.0 
32 0331 Dry 8/8 Low Calm 8.1 3.5 
35 0141 Dry 8/8 Med Calm 4.9 4.0 
37 0147 Dry 8/8 Low Calm 5.2 1.5 
39 0307 Dry 8/8 Low Calm 6.6 3.0 
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February 14th 1989 
As can be seen in Figure 3.10, a depression is situated to the 
northwest of Britain. An anticyclone extends from the Azores 
to just southwest of Britain, and a warm front is approaching the 
British Isles. During thermal mapping, a deep depression was 
situated just west of Norway. A ridge of high pressure was 
approaching Britain from the southwest and a fairly strong north 
westerly flow existed over S.W. England, although winds backed 
to more westerly during the night as can be seen in the synoptic 
chart for the next day. The classification on this occasion is 
intermediate. Table 3.5 shows that the strong westerly wind 
meant little variation in road surface temperatures. Routes 26 
and 37 i n South and West Devon were slight warmer than routes 31 
and 32, of which were partly on the higher ground of Dartmoor. 
Figure 3.10 Chart for 1200 GMT February 14th 1989 from Weather 
44 
Table 3.5 weather Conditions for Each Route on February 14th 1989 
Route Time Road Cloud Wind Mean Range 
(GMT) Conditions Road Temp. (deg. C) 
(oC) 
26 0034 Dry None Strong w 2.8 4.5 
31 0423 Dry None Strong w 1.9 3.5 
32 0454 Dry None Strong w 2.3 5.0 
37 0255 Dry None Strong w 3.5 3.5 
March Bth 1989 
Figure 3.11 shows an anticyclone situated in the N.Atlantic along 
the 40°N latitude. A ridge near s. England and depression to the 
northwest of Britain is giving a light southwesterly airflow. 
A warm front is approaching the British Isles. During thermal 
mapping, there was a ridge of high pressure over the British 
Isles. Over S. W. England there was a light southwesterly 
airstream. The classification for this night is extreme, and 3.6 
shows that the mildest of the four routes was route 29, in West 
Devon and Dartmoor. The other routes further north and east were 
cooler, and so the light southwesterly wind had a slight warming 
effect of approximately 0.5 deg.C. 
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Figure 3.11 Chart for 1200 GMT March 8th 1989 from Weather Log 
Table 3.6 Weather Conditions for Each Route on March 8th 1989 
Route Time Road Cloud Wind Mean Range 
(GMT) Conditions Road Temp. 
(oC) 
(deg. C) 
29 0538 Dry None Calm 1.1 4.5 
31 0000 Variable None Light SW 0.4 5.0 
32 0425 Dry None Calm -0.6 5.5 
39 0340 Dry None Light SW 0.3 3.5 
March 17th 1989 
Figure 3.12 shows an anticyclone situated over the Azores with 
a ridge over Britain and depression over Iceland with fronts 
approaching the British Isles. During thermal mapping, a cold 
front was just departing the south coast of England. Behind the 
cold front a light northerly airstream had just established 
itself over southwest England. The classification on this 
occasion is damped. Table 3.7 shows the weather conditions for 
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route 35, situated in West Devon, which reflects the weather 
conditions on this occasion, the mean road temperature being well 
above freezing. 
Figure 3.12 Chart for 1200 GMT March 17th 1989 from weather 
Log 
Table 3.7 Weather Conditions for the Route on March 17th 1989 
Route Time Road Cloud Wind Mean Range 
(GMT) Conditions Road Temp. (deg.C) 
(cC) 
35 0153 Wet 8/8 Low Light NE 3.9 3.5 
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Table 3.8 shows the relative road surface temperatures compared 
to the mean over the route, at the location of the Road Weather 
stations shown in Figures 3.1-3.6. A relative temperature of > 
+ 0.5 deg.C means that the temperature at that station was 
greater than 0.5 deg.C above the average temperature for the 
route. A relative temperature of < -0.5 deg.C is more than 0.5 
deg.C below the average temperature for the route, and a relative 
temperature of ± 0.5 deg.c means that the temperature at the 
station is within 0.5 deg.C of the average temperature over the 
route. 
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Table 3.8 Relative Temperatures for Road Weather Stations on 
Each Night Thermal Mapping was carried out in 1989 
Date Site Route Rel.Temp. 
(deg.C) 
Jan 22 3 Horse Shoes 25 < - 0.5 
Jan 22 Hunters Lodge 25 ± 0.5 
Jan 22 Totnes Cross 26 < - 0.5 
Jan 22 Pridhamsleigh 26 ± 0.5 
Jan 22 Plympton Bridge 28 > + 0.5 
Jan 22 Tuelldown 29 ± 0.5 
Jan 22 Beaford Moor 37 ± 0.5 
Jan 30 3 Horse Shoes 25 < - 0.5 
Jan 30 Hunters Lodge 25 ± 0.5 
Jan 30 Friars Hele 35 ± 0.5 
Jan 30 Sourton Cross 35 ± 0.5 
Jan 30 Ash Mill 39 < - 0.5 
Feb 1 3 Horse Shoes 25 ± 0.5 
Feb 1 Hunters Lodge 25 ± 0.5 
Feb 1 Totnes Cross 26 < - 0.5 
Feb 1 Pridhamsleigh 26 ± 0.5 
Feb 1 Plympton Bridge 28 > + 0.5 
Feb 1 Tuelldown 29 ± 0.5 
Feb 1 Whiddon Down 31 ± 0.5 
Feb 1 Slade Cross 32 ± 0.5 
Feb 1 Friars Hele 35 ± 0.5 
Feb 1 Sourton Cross 35 < - 0.5 
Feb 1 Beaford Moor 37 < - 0.5 
Feb 1 Ash Mill 39 < - 0.5 
Feb 14 Totnes Cross 26 < - 0.5 
Feb 14 Pridhamsleigh 26 ± 0.5 
Feb 14 Plympton Bridge 28 > + 0.5 
Feb 14 Whiddon Down 31 < - 0.5 
Feb 14 Slade Cross 32 ± 0.5 
Feb 14 Beaford Moor 37 < - 0.5 
Mar 8 Tuelldown 29 ± 0.5 
Mar 8 Whiddon Down 31 ± 0.5 
Mar 8 Slade Cross 32 < - 0.5 
Mar 8 Ash Mill 39 ± 0.5 
Mar 17 Friars Hele 35 < - 0.5 
Mar 17 Sourton Cross 35 < - 0.5 
49 
Observations During 1990 
The routes carried out during the winter of 1990 can be seen in 
Figures 3.13-3.18 for the appropriate area, which is given in 
Table 3. 9. The thermal mapping was carried out over five 
different nights, and below is a description of the synoptic 
conditions for each night, as well as a synoptic chart at 1200 
GMT on the day before. 
Table 3.9 Locations of Routes Used in 1990 
Route Roads 
42 A 361, A399 
43 8 3226 
47 A3072, A388 
48 
50 
51 
54 
56 
A30, A386 
83218, A3072 
A361, 83181, 
A30 
A3072, A377, 
M5, A30 
A38, A383, 
A381 
A379, 83210 
A38 
Location Climate Zones 
S.Molton-A39 June. N.Devon 
S.Molton-8arnstaple N.Devon 
Holsworthy-8arnstaple W.Devon 
Okehampton-Holsworthy 
Clyst Honiton-
Tiverton 
Clyst Honiton-
Tiverton 
A384 Junc.-Teignmouth 
83210 Junc.-A384 June. 
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N.Devon 
Dartmoor 
W.Devon 
E.Devon 
Mid Devon 
E.Devon 
Mid Devon 
S.Devon 
s.Devon 
February 14th 1990 
As can be seen in Figure 3.19 there are fronts over S.W. England 
and a westerly airflow. A depression is situated to the north 
of Britain and an anticyclone is to the southwest of Britain. 
During thermal mapping, a cold front was just leaving s. W. 
England. However, a warm front from a wave depression was 
approaching the area and so S.W. England continued to be affected 
by fronts. The category for this night is damped, except for 
routes 54 and 56 where the category is intermediate. Table 3.10 
shows that medium cloud had temporarily cleared on routes 54 and 
56 in South Devon. The coolest route were routes 47,48 and 56. 
Figure 3.13 Chart for 1200 GMT February 14th 1990 from Weather · 
Log 
51 
Table 3.10 Weather conditions for Each Route on February 14th 
1990 
Route Time Road Cloud Wind Mean Range 
(GMT) Conditions Road Temp. (deg. C) 
(oC) 
43 0212 Wet 8/8 Med Mod w 6.2 2.5 
47 0442 Wet 8/8 Med Light SW 5.2 2.0 
48 0515 .wet 8/8 Med Light SW 4.4 1.0 
50 0101 Wet 8/8 Med Mod W 6.1 3.0 
51 0147 Wet 7/8 Med Mod SW 6.2 2.5 
52 0231 Wet 8/8 Med Mod w 5.8 1.5 
54 0425 Wet 8/8 High Mod SW 8.3 1.5 
56 0546 Wet 8/8 High Light W 4.5 2.0 
March 1st 1990 
Figure 3.20 shows a depression situated over Scandinavia and an 
anticyclone to the west of the British Isles. A northwesterly 
airflow is over S.W. England. During thermal mapping, a front 
was just departing S.E. England. The whole country was then 
under the influence of northwesterly winds. The category on this 
occasion is intermediate, except for routes 54 and 56 where the 
category is damped. Table 3.11 shows that routes 54 and 56 were 
still cloudy, as the front was still affecting South Devon. 
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Figure 3.14 Chart for 1200 GMT March 1st 1990 from Weather Log 
Table 3.11 Weather conditions for Each Route on March 1st 1990 
Route Time Road Cloud Wind Mean Range 
(GMT) Conditions Road Temp. (deg.C) 
(cC) 
42 0114 Dry None Mod NW 2.1 2.0 
43 0153 Wet None Mod NW 2.3 2.5 
47 0424 Wet None Mod NW 1.8 4.0 
48 0502 Wet None Mod NW 1.3 2.0 
50 0101 Wet None Mod NW 2.0 4.0 
51 0140 Wet 3/8 High Mod NW 2.6 4.0 
52 0227 Wet 3/8 High Mod NW 2.6 2.5 
54 0357 Wet 8/8 Med Mod NW 1.5 4.5 
56 0501 Wet 8/8 Low Mod NW 1.7 3.5 
March 2nd 1990 
As can be seen from Figure 3 . 21 there is an anticyclone centred 
just southwest of Ireland bringing a light northerly airflow 
across S.W. England. There is also a warm front over northern 
Britain. During thermal mapping, the anticyclone was centred to 
the west of the British Isles moving eastward and a depression 
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was situated over Eastern Europe. This brought a northerly 
airstream across the whole of Britain. The category on this 
night is extreme. Table 3.12 shows little difference in 
temperature along the routes, the coldest were the most sheltered 
routes in the east. The warmest is route 43, exposed to onshore 
winds from the coast, and route 51 which is near Exeter, and 
possibly influenced by the urban heat island. 
Figure 3.15 Chart for 1200 GMT March 2nd 1990 from Weather Log 
Table 3.12 Weather Conditions for Each Route on March 2nd 1990 
Route Time Road Cloud Wind Mean Range 
(GMT) Conditions Road Temp. (deg . C) 
(cC) 
42 0108 Dry None Light NW 0.7 2.5 
43 0143 Wet None Light NW 1.2 3.0 
50 0050 Wet None Light NW 0.9 5.0 
51 0126 Wet None Light NW 1.3 5.0 
52 0210 Wet None Light NW 0 .7 2.5 
54 0333 Wet None Light NW 0.8 4.5 
56 0432 Wet None Mod NW 0.4 5.0 
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March 3rd 1990 
Figure 3.22 shows an anticyclone centred over N.W. France which 
is influencing the southern half of Britain. Over Scotland and 
N.Ireland there is a fairly strong southwesterly airstream in the 
warm sector of a depression centred just north of Iceland. 
During the previous night, the anticyclone was centred just south 
west of Britain and a warm front affected Northern Scotland. The 
category on this occasion is extreme and Table 3.13 shows that 
road temperatures were low on this occasion. 
Figure 3.16 Chart for March 3rd 1990 from Weather Log 
Table 3.13 Weather Conditions for the Route on March 3rd 1990 
Route Time Road Cloud Wind Mean Range 
(GMT) Conditions Road Temp. (deg.C) 
(cC) 
42 0121 Dry None Light NW 1.8 3.0 
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March 4th 1990 
Figure 3.23 shows an anticyclone centred over France which is 
influencing Southern Britain. However a cold front is moving 
southwards into Northern England with strong westerlies over 
Scotland. During thermal mapping, the cold front had reached 
Scotland and the anticyclone over France was influencing the 
whole of England and Wales. There was a very light westerly 
airstream over s.w. England. The category on this occasion is 
intermediate, and Table 3. 14 shows that temperatures on both 
routes were around 6°C. 
Figure 3.17 Chart for 1200 GMT March 4th 1990 from Weather Log 
Table 3.14 Weather Conditions for Each Route on March 4th 1990 
Route Time Road Cloud Wind Mean Range 
(GMT) Conditions Road Temp. (deg. C) 
(oC) 
47 0355 Dry 8/8 High Light NW 6.6 3.0 
48 0423 Dry 8/8 High Light NW 6.0 2.0 
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The relative temperatures at the location of the Road-weather 
stations are shown in Table 3.15. The Road-weather stations for 
other routes, shown on the thermal maps, but with no diurnal 
curves available, are also listed. 
Table 3.15 Relative Temperatures for Road Weather Stations on 
Each Night Thermal Mapping was Carried Out in 1990 
Date 
Feb 14th 
Feb 14th 
Feb 14th 
Feb 14th 
Feb 14th 
Feb 14th 
Feb 14th 
Feb 14th 
Feb 14th 
Feb 14th 
Feb 14th 
Feb 14th 
Feb 14th 
Feb 14th 
Feb 14th 
Feb 14th 
Feb 14th 
Feb 14th 
Feb 14th 
Mar 1st 
Mar 1st 
Mar 1st 
Mar 1st 
Mar 1st 
Mar 1st 
Mar 1st 
Mar 1st 
Mar 1st 
Mar 1st 
Mar 1st 
Mar 1st 
Mar 1st 
Mar 1st 
Mar 1st 
Mar 1st 
Mar 1st 
Mar 1st 
Mar 1st 
Mar 1st 
Site Route 
Ebford Manor 3 
Haldon Hill 3 
Parkway Donington 5 
Parkway Eggbuckland 5 
Roborough 5 
Yelverton 5 
Nether Bridge 7 
Gallows Gate 15 
Eggesford 18 
Stopgate Cross 20 
Yollacombe 43 
Cross Farm 47 
Halwill Junction 48 
Clyst Honiton 50 
Poltimore Bowls 50 
Sampford Peverell 50 
Wellparks 51 
Kingsteignton 54 
Marley Head 56 
Ebford Manor 3 
Haldon Hill 3 
Parkway Donington 5 
Parkway Eggbuckland 5 
Roborough 5 
Yelverton 5 
Nether Bridge 7 
Gallows Gate 15 
Eggesford 18 
Stopgate Cross 20 
Bratton Down 42 
Yollacombe 43 
Cross Farm 47 
Halwill Junction 48 
Clyst Honiton 50 
Poltimore Bowls 50 
Sampford Peverell 50 
Wellparks 51 
Kingsteignton 54 
Marley Head 56 
57 
Rel.Temp. 
(deg. C) 
> + 0.5 
± 0.5 
> + 0.5 
> + 0.5 
> + 0.5 
< - 0.5 
± 0.5 
< - 0.5 
± 0.5 
< - 0.5 
± 0.5 
< - 0.5 
± 0.5 
± 0.5 
± 0.5 
± 0.5 
± 0.5 
± 0.5 
< - 0.5 
± 0.5 
± 0.5 
> + 0.5 
> + 0.5 
± 0.5 
< - 0.5 
< - 0.5 
< - 0.5 
< - 0.5 
< - 0.5 
< - 0.5 
< - 0.5 
< - 0.5 
± 0.5 
± 0.5 
± 0.5 
< - 0.5 
± 0.5 
± 0.5 
< - 0.5 
Table 3.15 continued -
Date Site Route Rel.Temp. 
(deg.C) 
Mar 2nd Ebford Manor 3 > + 0.5 
Mar 2nd Haldon Hill 3 ± 0.5 
Mar 2nd Parkway Donington 5 > + 0.5 
Mar 2nd Parkway Eggbuckland 5 > + 0.5 
Mar 2nd Roborough 5 ± 0.5 
Mar 2nd Yelverton 5 < - 0.5 
Mar 2nd Gallows Gate 15 < - 0.5 
Mar 2nd Eggesford 18 < - 0.5 
Mar 2nd Stopgate Cross 20 < - 0.5 
Mar 2nd Bratton Down 42 < - 0.5 
Mar 2nd Yollacombe 43 ± 0.5 
Mar 2nd Clyst Honiton 50 > + 0.5 
Mar 2nd Poltimore Bowls 50 ± 0.5 
Mar 2nd Sampford Peverell 50 < - 0.5 
Mar 2nd Wellparks 51 ± 0.5 
Mar 2nd Kingsteignton 54 > + 0.5 
Mar 2nd Marley Head 56 < - 0.5 
Mar 3rd Bratton Down 42 < - 0.5 
Mar 4th Nether Bridge 7 ± 0.5 
Mar 4th Cross Farm 47 < - 0.5 
Mar 4th Halwill Junction 48 ± 0.5 
Discussion 
Tables 3.8 and 3.15 enable identification of the Road-weather 
stations which are cold spots, and these are listed in Table 3.16 
under each of the categories. Some of the stations are cold 
spots because they are situated in valleys, where cold air 
drainage occurs. These are generally cold spots in extreme 
conditions, although some are in intermediate conditions also. 
Others are cold spots because they are situated on high ground, 
and therefore are more especially cold spots in damped 
conditions. Some appear as cold spots because the route passes 
through an urban area, or passed near a coastline, which 
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therefore makes that particular station, away from these 
influences, relatively cold compared to the rest of the route. 
Table 3.16 List of Cold Spots 
Under the Three Different Cateqories 
(Current Foreecastinq Stations are Shown in Italics) 
Extreme 
3 Horse Shoes 
Totnes Cross 
Ash Mill 
Slade Cross 
Yelverton 
Gallows Gate 
Eggesford 
Stopgate Cross 
Marley Head 
Sampford Peverell 
Bratton Down 
Intermediate 
Totnes Cross 
Beaford Moor 
Nether Bridge 
Whiddon Down 
Yelverton 
Gallows Gate 
Eggesford 
Stopgate Cross 
Cross Farm 
Yollacombe 
Sampford Peverell 
Marley Head 
Bratton Down 
Damped 
Totnes Cross 
Beaford Moor 
Friars Hele 
Sourton Cross 
Ash Mill 
Yelverton 
Gallows Gate 
Stopgate Cross 
cross Farm 
Marley Head 
Notably the following stations were found to be cold spots 
under all weather conditions; Totnes Cross, Yelverton, Gallows 
Gate, Stopqate Cross, and Marley Head. 
The problem with the thermal mapping was that different 
routes were surveyed on different nights. This made comparisons 
on a county wide scale impossible. Also some of the sites were 
only surveyed under two of the categories, and so Table 3.14 may 
not be a complete guide to where all the relatively cold stations 
are under the different weather conditions. 
To aid understanding of the thermal maps, site visits were 
made between October 1991 and March 1992. Each road weather 
station was categorised according to height above mean sea level, 
local exposure and surrounding terrain. The height above mean 
sea level of the Road-weather stations was obtained from Devon 
County Council. An estimation of exposure was made during the 
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site visits. They were categorised as open, when the road is 
exposed on both sides, partly-closed if there were hedges, trees, 
or buildings on at least one side of the road and closed when the 
road was completely sheltered by hedges, trees or buildings. The 
surrounding terrain was also observed with regard to whether the 
road sensor was situated in a valley, hilltop, slope or flat 
area. A list of the Road-weather stations and their 
corresponding characteristics are shown in Table 3.17. The sky 
view factor was particularly bad at the following stations; 
Totnes Cross, Ebford Manor, Yelverton, Culver Bottom, Eggesford 
and Pridhamsleigh and so these were discounted as possible 
forecast sites. Measurements of dry and wet bulb temperatures 
were taken with an Assman psychrometer during each site visit. 
These were compared with the Scan air sensor measurements. It 
was noticed that all sensors were within 0.5 deg.C except at 
Totnes Cross. Air and dew point temperatures at this site were 
therefore considered unreliable and rreported to Devon County 
Council. 
conclusion 
Thermal mapping is a useful aid to determine relative cold spots 
along a particular route. Table 3.16 lists all the cold spots 
under three different categories, according to cloud amount and 
wind speed. Table 3.17 classifies the road weather stations 
according to height, exposure and topography, giving an aid to 
understanding why particular stations are cold spots under 
certain weather conditions. Although thermal mapping can show 
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relative cold spots along a stretch of road, it was difficult to 
determine cold spots on a county wide scale, as each route was 
examined on different nights, and not all the sites were examined 
under the three weather conditions. Chapter 4, which examines 
how each of the sites differed during the cold spell from 
February 1st to 14th 1991, supplements the work in this chapter. 
The locating of Devon's road weather sensors was based on 
economic rather than climatic reasons. This study has shown that 
only two of the six forecast sites, those at Stopgate Cross and 
Bratton Down, are cold spots on their associated routes during 
the important extreme and intermediate categories. Inspection 
of Table 3.16 shows nearest alternatives are not obviously 
available. Marley Head is considered unsuitable as the air 
sensor is on a bridge remote from the road sensor. The faults 
and exposure at Totnes Cross are being corrected at the present 
time; and therefore it is recommended as an alternative to Haldon 
Hill. 
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Table 3.17 Classification of Sites 
Site Height (a.s.l) 
Ash Mill 
Beaford Moor 
Bratton Down 
Clyst Honiton 
Cross Farm 
Culver Bottom 
Ebford Manor 
Eggesford 
Friars Hele 
Gallows Gate 
Haldon Hill 
Halwill Junction 
Hunters Lodge 
Kingsteignton 
Marley Head 
Nether Bridge 
Parkway Eggbuckland 
Parkway Donington 
Plympton Bridge 
Poltimore Bowls 
Pridhamsleigh 
Roborough 
Sampford Peverell 
Slade Cross 
Sourton Cross 
Stopgate Cross 
3 Horse Shoes 
Totnes Cross 
Tuelldown 
Wellparks 
West Country Inn 
Whiddon Down 
Yelverton 
Yollacombe 
150m 
166m 
320m 
am 
158m 
91m 
30m 
69m 
99m 
150m 
219m 
180m 
193m 
24m 
143m 
61m 
15m 
15m 
85m 
15m 
43m 
143m 
80m 
137m 
277m 
253m 
169m 
158m 
205m 
42m 
198m 
238m 
187m 
150m 
N.B. P/C refers to partly closed 
62 
Exposure 
P/C 
Open 
Open 
Open 
P/C 
Closed 
Closed 
Closed 
Open 
Open 
P/C 
P/C 
P/C 
Open 
P/C 
Open 
P/C 
P/C 
Open 
Open 
Closed 
P/C 
Open 
P/C 
Open 
Open 
Open 
P/C 
P/C 
P/C 
P/C 
Open 
P/C 
P/C 
Topography 
Small Valley 
Hilltop 
On High Ground 
Flat 
Small Valley 
Deep Narrow Valley 
Near river estuary 
Deep Valley 
On High Ground 
Coastal Hilltop 
Hilltop 
Flat 
West Facing Slope 
Wide River Valley 
In Cutting 
Deep Wide Valley 
Narrow Valley 
Narrow Valley 
Hilltop 
Wide shallow Valley 
In Cutting 
Flat 
Wide Valley 
Narrow Valley 
Hilltop 
Hilltop 
Hilltop 
High Ground Valley 
Hilltop 
Wide Valley 
South facing slope 
Hilltop 
Flat 
South Of Hill 
Chapter 4 
Case study - Analysis of Minimum Road surface Temperatures 
During a Cold spell 
Introduction 
The case study concerned an investigation of the coldest Road-
weather Station sites on a county wide scale during a 
particularly cold period of weather between February 1st and 
February 14th 1991. Road and air minimum temperatures were 
compared with the diurnal ranges of air and road surface 
temperature for each Road-weather station, to see whether the 
diurnal range gave extra information about the microclimate of 
the stations. Two examples of where this may be the case is 
firstly, where shading occurs, when a lower diurnal range would 
be expected, and secondly in valleys during calm clear nights, 
where katabatic drainage leads to extra cooling and therefore a 
greater diurnal range. The purpose of this chapter is to find 
out whether the largest diurnal ranges of road surface 
temperature occurred at the sites which had the lowest minimum 
road surface temperature. 
To test whether shading has an effect on the road surface 
temperature, two road surface temperature sensors at the same 
site were tested. The sensor at Parkway Eggbuckland is exposed, 
but the sensor at Parkway Donington is shaded and so the minimum 
road surface temperature and diurnal range was compared for each 
night. Another test was carried out at Sampford Peverell, which 
also has 2 sensors. One of the sensors is located on the 
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motorway, whereas one is on the slip road. As traffic density 
is greater on the motorway on average, the effect of traffic 
density on road surface temperature was observed. 
The period examined was the cold spell of February 1st to 
February 14th which turned out to be the coldest since January 
1987 and so provided a valuable opportunity to see how each 
individual sensor reacted in extreme weather conditions. The 
results were compiled in rank order and assessed according to the 
topography of the sites and their geographical position, i.e 
whether they were in North or South Devon and how close they were 
to the coast. 
During the first 7 days of the cold spell an anticyclone 
situated over Scandinavia dominated the weather over the British 
Isles. This anticyclone prevented the normal westerly flow from 
being established over Britain, and depressions were steered 
further south than usual. One such depression to the south of 
England dominated the weather between the 8th and lOth February, 
before an anticyclone in the Atlantic influenced the U.K until 
the end of the cold spell. Easterly winds dominated until the 
9th, advecting very cold air from the continent especially 
between the 6th and 9th, then winds became northerly on the lOth, 
until finally they were westerly on the 14th, with temperatures 
lifting during this period. The weather charts, Figures 4.1-4.11 
show the synoptic situation during the period being studied. 
The data was obtained from Devon County Council for the 
Road-Weather stations in operation. Most of the Road-weather 
stations were in full working order, the exceptions being Gallows 
Gate which showed no data and Eggesford showed no air temperature 
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data. The air temperatures for Beaford Moor were ignored as they 
seemed to be inconsistently high. No data was available for 
February 2nd, 3rd and 11th. Also there was no cloud data 
available for February 1st, 9th and lOth. 
Description of Road surface and Air Temperatures for Each day 
During the Cold Spell 
February 1st 
The synoptic situation is shown in Figure 4.1. Overnight, snow 
cleared from the north and east of Devon, followed by a clear 
night with light winds. The west and south were clear longest 
and therefore it was these areas which experienced most cooling. 
There was a varied snow cover from the day before which would 
probably have been cleared on the major roads. 
During the day the weather was dry and bright in Plymouth 
and this was probably the case in much of Devon. Any snow lying 
therefore would have begun to thaw, but may have hung around long 
enough to have an influence on the temperatures at some sites. 
Weather at the University of Plymouth 
0900 GMT 
Air Temperature 
Weather : Fine 
Wind : Calm 
Rainfall : 1.3mm * 
1700 GMT 
Air Temperature 
Weather : Fine 
Wind : 7Kts E 
Rainfall Omm 
Sunshine 
* Since 1700 GMT the day before 
6.8 Hrs 
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The lowest road and air minimums shown in Table 4.1 occurred at 
the valley sites. This suggests cold air drainage would have 
been an influence on these areas, and was confirmed by the fact 
that the valley sites were the only ones where air temperatures 
were lower than the road surface temperatures. The highest road 
temperatures were mainly at the coastal sites and to a certain 
extent the sites located on higher ground. 
The diurnal range of road temperatures shown in Table 4.2 
was largest at the valley sites and also the more open sites. 
West Country Inn had the largest diurnal range of road 
temperature which was probably because the sensor is located on 
a south facing slope. The largest diurnal range of air 
temperature was mainly again at the valley locations." 
The lowest diurnal ranges were found on the high ground 
sites and in the east of the region. The slip road at Sampford 
Peverell had a very low diurnal range of road surface 
temperature . This was probably due to snow cover, as most of the 
snow fell in the east of Devon. The slip road may have had slush 
on its fringes which suppressed the daytime road surface 
temperature. 
Figure 4.1 Synoptic Chart for 1200 GMT February 1st 1991 from 
Weather Log 
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Rank 
1 
2 
4 
6 
9 
15 
19 
26 
28 
33 
Table 4.1 Minimum Road surface and Air Temperature for 
February 1st 1991 in Rank Order 
Site Min Road Temp Rank 
(cC) 
Friars Hele 
Cross Farm 
Yollacombe 
Halwill Junction 
West Country Inn 
Tuelldown 
Beaford Moor 
Bratton Down 
Parkway Eggbuckland 
Parkway Donington 
Whiddon Down 
Sourton Cross A30 
Sourton Cross A386 
Nether Bridge 
Clyst Honiton 
Wellparks 
Culver Bottom 
Yelverton 
Poltimore Bowls 
Haldon Hill 
Hunters Lodge 
3 Horse Shoes 
Eggesford 
Slade Cross 
Roborough 
Sampford Peverell 
Ebford Manor 
Sampford Peverell (S) 
Marley Head 
Plympton Bridge 
Stopgate Cross 
Totnes Cross 
Pridhamsleigh 
Kingsteignton 
-5.0 
-4.5 
-4.5 
-4.0 
-4.0 
-3.5 
-3.5 
-3.5 
-3.0 
-3.0 
-3.0 
-3.0 
-3.0 
-3.0 
-2.5 
-2.5 
-2.5 
-2.5 
-2.0 
-2.0 
-2.0 
-2.0 
-2.0 
-2.0 
-2.0 
-1.5 
-1.5 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-0.5 
-0.5 
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1 
2 
3 
4 
5 
6 
8 
9 
13 
18 
22 
25 
28 
29 
Site 
Friars Hele 
Nether Bridge 
Cross Farm 
Halwill Junction 
Wellparks 
Culver Bottom 
West Country Inn 
Clyst Honiton 
Poltimore Bowls 
Marley Head 
Parkway 
Whiddon Down 
Sampford Peverell 
Ebford Manor 
Totnes Cross 
Yelverton 
Bratton Down 
Pridhamsleigh 
Stopgate Cross 
Tuelldown 
Yollacombe 
Hunters Lodge 
3 Horse Shoes 
Slade Cross 
Haldon Hill 
Kingsteignton 
Sourton Cross 
Roborough 
Plympton Bridge 
-8.0 
-6.0 
-6.0 
-4.5 
-4.0 
-3.5 
-3.5 
-2.0 
-1.5 
-1.5 
-1.5 
-1.5 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-0.5 
-0.5 
-0.5 
-0.5 
0.0 
0.0 
0.0 
0.5 
0.5 
0.5 
1.0 
1.5 
Table 4.2 Diurnal Range of Road surface and Air Temperature 
for February 1st 1991 in Rank Order 
Rank 
1 
2 
3 
4 
6 
8 
9 
10 
12 
14 
15 
17 
23 
24 
27 
30 
31 
32 
33 
34 
Site Road Diurnal Rank 
Range (Deg.C) 
West Country Inn 
Friars Hele 
Sourton Cross A30 
Parkway Eggbuckland 
Yollacombe 
Marley Head 
Bratton Down 
Nether Bridge -
Plympton Bridge 
Kingsteignton 
Totnes Cross 
Roborough 
Cross Farm 
Haldon Hill 
Pridhamsleigh 
Sourton Cross A386 
Hunters Lodge 
Wellparks 
Culver Bottom 
Slade Cross 
Yelverton 
Halwill Junction 
Parkway Donington 
3 Horse Shoes 
Eggesford 
Stopgate Cross 
Poltimore Bowls 
Tuelldown 
Beaford Moor 
Clyst Honiton 
Whiddon Down 
Sampford Peverell 
Ebford Manor 
Sampford Peverell (S) 
15.0 
14.0 
13.0 
12.5 
12.5 
12.0 
12.0 
11.5 
11.0 
10.5 
10.5 
10.0 
10.0 
9.5 
9.0 
9.0 
8.5 
8.5 
8.5 
8.5 
8.5 
8.5 
8.0 
7.5 
7.5 
7.5 
7.0 
7.0 
7.0 
6.5 
6.0 
5.5 
4.5 
1.0 
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1 
2 
3 
6 
7 
9 
10 
13 
16 
21 
27 
30 
Site Air Diurnal 
Range (Deg.C) 
Friars Hele 
Nether Bridge 
Culver Bottom 
Cross Farm 
Bratton Down 
Parkway 
Pridhamsleigh 
Kingsteignton 
Wellparks 
Marley Head 
Halwill Junction 
West Country Inn 
Slade Cross 
Roborough 
Tuelldown 
Poltimore Bowls 
Plympton Bridge 
Hunters Lodge 
Clyst Honiton 
Beaford Moor 
Haldon Hill 
3 Horse Shoes 
Stopgate Cross 
Yelverton 
Sourton Cross 
Yollacombe 
Sampford Peverell 
Whiddon Down 
Ebford Manor 
Totnes Cross 
10.5 
9.5 
8.5 
8.5 
8.5 
8.0 
7.0 
7.0 
6.5 
6.0 
6.0 
6.0 
5.0 
5.0 
5.0 
4.5 
4.5 
4.5 
4.5 
4.5 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
3.5 
3.5 
3.5 
3.0 
February 4th 
The weather was fine over Devon overnight again, although cloud 
amounts were high in the south and west. There was a brisk 
easterly breeze, but this was lighter during the night and so the 
inland areas would be at risk from nighttime radiational cooling. 
Figure 4.2 shows the synoptic chart. 
Weather at the University of Plymouth 
0900 GMT 
Air Temperature 3.7°C 
Weather : Fine 
Wind : 6 Kts E-SE 
Rainfall : Omm 
Cloud Amount : 8 oktas 
1700 GMT 
Air Temperature 
Weather : Fine 
Wind : 9 Kts E 
Rainfall 
Sunshine 
Omm 
2.1 Hrs 
Cloud : 8 oktas 
The lowest road temperature minimums shown in Table 4.3, again 
mainly occurred in northern and eastern parts of Devon, 
especially in the valleys. The highest minimums were found in 
the southern parts of Devon again, which suggests an influence 
of the onshore wind at these locations. The air temperature 
showed similar results. The air temperature minimums were lower 
than the road temperature minimums at one or two of the colder 
stations suggesting the possibility of cold air drainage. As 
cloud cover was variable and the wind moderate, cold air drainage 
probably only occurred at the more sheltered valley sites e.g. 
Culver Bottom. The wind may explain why some of the warmer sites 
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had lower air temperatures than the road temperatures as the wind 
aids mixing in the surface layer preventing rapid surface 
cooling. The correlation coefficient between the diurnal range 
and minimum road surface temperature was around 0. 6. This showed 
that the largest diurnal ranges occurred at some of the sites 
which had the lowest minimum temperatures. The lowest diurnal 
range of road temperature were mostly areas where the road was 
well sheltered from the sun, and the lowest diurnal range of air 
temperatures were found where there was exposure to wind or on 
high ground. 
Figure 4.2 synoptic Chart for 1200 GMT February 4th 1991 from 
Weather Log 
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Rank 
1 
2 
9 
10 
14 
19 
21 
26 
28 
30 
31 
33 
34 
Table 4.3 Minimum Road surface and Air Temperature for 
February 4th 1991 in Rank Order 
Site Min Road Temp Rank 
(oC) 
Yollacombe 
Sampford Peverell (S) 
Stopgate Cross 
Nether Bridge 
Cross Farm 
West Country Inn 
Beaford Moor 
Bratton Down 
Sampford Peverell 
Hunters Lodge 
Sourton Cross A386 
Friars Hele 
Halwill Junction 
3 Horse Shoes 
Clyst Honiton 
Ebford Manor 
Wellparks 
Tuelldown 
Poltimore Bowls 
Sourton Cross A30 
Haldon Hill 
Whiddon Down 
Eggesford 
Culver Bottom 
Yelverton 
Slade Cross 
Roborough 
Plympton Bridge 
Parkway Eggbuckland 
Parkway Donington 
Pridhamsleigh 
Marley Head 
Kingsteignton 
Totnes Cross 
-4.5 
-4.0 
-4.0 
-4.0 
-4.0 
-4.0 
-4.0 
-4.0 
-3.5 
-3.0 
-3.0 
-3.0 
-3.0 
-2.5 
-2.5 
-2.5 
-2.5 
-2.5 
-2.0 
-2.0 
-1.5 
-1.5 
-1.5 
-1.5 
-1.5 
-1.0 
-1.0 
-0.5 
-0.5 
0.0 
0.5 
0.5 
1.0 
1.5 
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1 
2 
3 
7 
10 
15 
19 
23 
24 
25 
29 
Site 
West Country Inn 
Whiddon Down 
Sampford Peverell 
Stopgate Cross 
Nether Bridge 
Cross Farm 
Marley Head 
Halwill Junction 
Bratton Down 
Haldon Hill 
Hunters Lodge 
3 Horse Shoes 
Totnes Cross 
Friars Hele 
Wellparks 
Culver Bottom 
Sourton Cross 
Yollacombe 
Poltimore Bowls 
Ebford Manor 
Slade Cross 
Yelverton 
Tuelldown 
Clyst Honiton 
Pridhamsleigh 
Plympton Bridge 
Kingsteignton 
Roborough 
Parkway 
-4.5 
-4.0 
-3.5 
-3.5 
-3.5 
-3.5 
-3.0 
-3.0 
-3.0 
-2.5 
-2.5 
-2.5 
-2.5 
-2.5 
-2.0 
-2.0 
-2.0 
-2.0 
-1.5 
-1.5 
-1.5 
-1.5 
-1.0 
-0.5 
0.0 
o.o 
0.0 
0.0 
1.5 
Table 4.4 Diurnal Range of Road surface and Air Temperature 
for February 4th 1991 in Rank Order 
Rank 
1 
2 
3 
4 
5 
11 
15 
19 
24 
26 
27 
28 
29 
32 
34 
Site Road Diurnal Rank 
Range (Deg.C) 
Bratton Down 
3 Horse Shoes 
Beaford Moor 
Friars Hele 
Sampford Peverell (S) 
Stopgate Cross 
Sourton Cross A386 
Sourton Cross A30 
Nether Bridge 
Yollacombe 
Hunters Lodge 
Clyst Honiton 
Cross Farm 
West country Inn 
Poltimore Bowls 
Ebford Manor 
Roborough 
Halwill Junction 
Sampford Peverell 
Plympton Bridge 
Parkway Eggbuckland 
Well parks 
Tuelldown 
Parkway Donington 
Yelverton 
Culver Bottom 
Haldon Hill 
Eggesford 
Marley Head 
Slade Cross 
Totnes Cross 
Pridhamsleigh 
Kingsteignton 
Whiddon Down 
11.5 
10.5 
10.0 
9.5 
9.0 
9.0 
9.0 
9.0 
9.0 
9.0 
8.5 
8.5 
8.5 
8.5 
8.0 
8.0 
8.0 
8.0 
7.5 
7.5 
7.5 
7.5 
7.5 
7.0 
7.0 
6.5 
6.0 
5.5 
5.0 
5.0 
5.0 
4.5 
4.5 
4.0 
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1 
2 
4 
8 
23 
30 
Site Air Diurnal 
Range (Deg. C) 
Nether Bridge 
Marley Head 
Bratton Down 
3 Horse Shoes 
Ebford Manor 
Culver Bottom 
West Country Inn 
Sampford Peverell 
Poltimore Bowls 
Haldon Hill 
Pridhamsleigh 
Plympton Bridge 
Whiddon Down 
Hunters Lodge 
Kingsteignton 
Wellparks 
Sourton Cross 
Friars Hele 
Halwill Junction 
Cross Farm 
Beaford Moor 
Yollacombe 
Parkway 
Clyst Honiton 
Slade Cross 
Totnes Cross 
Roborough 
Yelverton 
Tuelldown 
Stopgate Cross 
7.5 
6.0 
6.0 
5.5 
5.5 
5.5 
5.5 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
4.5 
4.5 
4.5 
4.5 
4.5 
4.5 
4.5 
4.0 
February 5th 
Figure 4.3 shows the synoptic chart. The weather was generally 
fine over the county although there was generally greater than 
6 oktas cloud cover in the south and west. Some snow still 
around in a few areas, especially East Devon may have suppressed 
the temperatures during the day. There was a breeze from the 
east which would have influenced the southern coastal areas more 
particularly. 
Weather at the University of Plymouth 
0900 GMT 
Air Temperature 
Weather : Fine 
Wind : 5 Kts N-NE 
Rainfall : Omm 
1.1°C 
Cloud Amount : 7 oktas 
1700 GMT 
Air Temperature 2.5°C 
Weather : Fine 
Wind : 10 Kts E 
Rainfall Omm 
Sunshine 0 Hrs 
Cloud Amount : 7 oktas 
The lowest road surface temperatures shown in Table 4.5 were 
found in the more northern and eastern areas, mainly again at 
valley locations. On the other hand the warmest spots were in 
the south of the county. The same was true for the air 
temperatures. This may have been due to more cloud cover in the 
south of the county. Other factors include the wind, as areas 
on the southern and eastern coasts appeared to be warmer, where 
onshore winds occurred. Also any snow cover may have enhanced 
cooling at some locations. Some cold air drainage may have 
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occurred as in some cases the minimum air temperature was lower 
than the road surface temperature. 
The diurnal ranges shown in Table 4.6 were largest at the 
more open sites and the valley locations again. The south and 
coastal sites showed the smallest diurnal range which 
corresponded with the higher minimum road temperatures. The 
correlation coefficient was again around o. 6. Again cloud 
amounts varied so any sun that appeared for a while lifted the 
road temperature quite rapidly. The diurnal ranges for air 
temperature were very similar to those of the road surface 
temperature, with the valley sites and the sites in the eastern 
areas having a higher diurnal range of air temperature, whereas 
the high ground and southern coastal sites had the lowest diurnal 
range. 
Figure 4.3 synoptic Chart for 1200 GMT February 5th 1991 from 
Weather Log 
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Table 4.5 Minimum Road surface and Air Temperatures for 
February 5th 1991 in Rank Order 
Rank Site Min Road Temp Rank 
(cC) 
Site 
1 
3 
7 
13 
16 
19 
22 
26 
27 
28 
31 
33 
Sampford Peverell (S) 
Yollacombe 
Stopgate Cross 
Nether Bridge 
Cross Farm 
Bratton Down 
Sampford Peverell 
Hunters Lodge 
Sourton Cross A386 
Friars Hele 
Halwill Junction 
West Country Inn 
Whiddon Down 
Sourton Cross A30 
Beaford Moor 
Haldon Hill 
3 Horse Shoes 
Culver Bottom 
Clyst Honiton 
Slade Cross 
Tuelldown 
Poltimore Bowls 
Ebford Manor 
Wellparks 
Yelverton 
Eggesford 
Roborough 
Pridhamsleigh 
Marley Head 
Kingsteignton 
Plympton Bridge 
Totnes Cross 
Parkway Eggbuckland 
Parkway Donington 
-5.0 
-5.0 
-4.5 
-4.5 
-4.5 
-4.5 
-4.0 
-4.0 
-4.0 
-4.0 
-4.0 
-4.0 
-3.5 
-3.5 
-3.5 
-3.0 
-3.0 
-3.0 
-2.5 
-2.5 
-2.5 
-2.0 
-2.0 
-2.0 
-2.0 
-1.5 
-1.0 
-0.5 
-0.5 
-0.5 
0.0 
0.0 
0.5 
0.5 
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1 
2 
4 
7 
9 
15 
19 
21 
24 
26 
27 
28 
29 
Nether Bridge 
Whiddon Down 
Cross Farm 
Sampford Peverell 
Halwill Junction 
West Country Inn 
Culver Bottom 
Stopgate Cross 
Marley Head 
Hunters Lodge 
3 Horse Shoes 
Sourton Cross 
Friars Hele 
Bratton Down 
Poltimore Bowls 
Haldon Hill 
Wellparks 
Yelverton 
Clyst Honiton 
Slade Cross 
Ebford Manor 
Tuelldown 
Yollacombe 
Pridhamsleigh 
Totnes Cross 
Roborough 
Plympton Bridge 
Kingsteignton 
Parkway 
-5.0 
-4.5 
-4.5 
-4.0 
-4.0 
-4.0 
-3.5 
-3.5 
-3.0 
-3.0 
-3.0 
-3.0 
-3.0 
-3.0 
-2.5 
-2.5 
-2.5 
-2.5 
-2.0 
-2.0 
-1.5 
-1.5 
-1.5 
-1.0 
-1.0 
-0.5 
0.0 
0.5 
1.0 
Table 4.6 Diurnal Range of Road surface and Air Temperature 
for February 5th 1991 in Rank Order 
Rank 
1 
2 
5 
10 
11 
12 
14 
18 
23 
25 
29 
32 
34 
Site Road Diurnal Rank 
Range (Deg.C) 
Sampford Peverell (S) 
Stopgate Cross 
Sourton Cross A30 
Halwill Junction 
Friars Hele 
Nether Bridge 
West Country Inn 
Yollacombe 
Bratton Down 
Cross Farm 
Sampford Peverell 
3 Horse Shoes 
Clyst Honiton 
Haldon Hill 
Whiddon Down 
Wellparks 
Roborough 
Poltimore Bowls 
Hunters Lodge 
Slade Cross 
Yelverton 
Sourton Cross A386 
Parkway Eggbuckland 
Culver Bottom 
Plympton Bridge 
Ebford Manor 
Eggesford 
Beaford Moor 
Parkway Donington 
Kingsteignton 
Tuelldown 
Pridhamsleigh 
Totnes Cross 
Marley Head 
12.0 
11.0 
11.0 
11.0 
10.5 
10.5 
10.5 
10.5 
10.5 
10.0 
9.0 
8.5 
8.5 
8.0 
8.0 
8.0 
8.0 
7.5 
7.5 
7.5 
7.5 
7.5 
7.0 
7.0 
6.5 
6.5 
6.5 
6.5 
6.0 
6.0 
6.0 
5.0 
5.0 
4.0 
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1 
2 
3 
6 
9 
16 
17 
22 
28 
30 
Site Air Diurnal 
Range (Deg. C) 
Nether Bridge 
Sampford Peverell 
Clyst Honiton 
Culver Bottom 
Cross Farm 
Wellparks 
Friars Hele 
Halwill Junction 
Poltimore Bowls 
Whiddon Down 
Hunters Lodge 
Ebford Manor 
Stopgate Cross 
Sourton Cross 
West Country Inn 
3 Horse Shoes 
Pridhamsleigh 
Slade Cross 
Tuelldown 
Yollacombe 
Bratton Down 
Haldon Hill 
Marley Head 
Parkway 
Roborough 
Yelverton 
Beaford Moor 
Plympton Bridge 
Kingsteignton 
Totnes Cross 
8.0 
5.5 
5.5 
5.5 
5.5 
4.5 
4.5 
4.5 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
3.5 
3.0 
3.0 
3.0 
3.0 
3.0 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.0 
2.0 
2.0 
February 6th 
Figure 4.4 shows the synoptic chart. Again the weather overnight 
was dry in Devon. There was variable cloud, but many areas may 
have stayed clear long enough for sufficient cooling to take 
place. Although there was an easterly breeze the wind dropped 
in inland areas, and only had an influence on coastal sites. 
During the day there were sunny intervals with variable amounts 
of cloud. There were also some light snow flurries in a few 
places. 
Weather at the University of Plymouth 
0900 GMT 
Air Temperature 
Weather : Fine 
Wind : 3Kts N-NW 
Rainfall : Omm 
Cloud Amount : 2 oktas 
1700 GMT 
Air Temperature : 0.4°C 
Weather : Light Snow Shower 
Wind : 9Kts E 
Rainfall 
Sunshine 
Tr 
3.6 Hrs 
Cloud Amount : 3 oktas 
The lowest minimum road temperatures, shown in Table 4.7, were 
in the east of the county. There were low temperatures at the 
valley locations again although this was not quite so striking 
as in the last few nights. In fact the minimum air temperatures 
seemed to suggest the areas on high ground were colder and Nether 
Bridge, the best example of a deep wide valley, was actually one 
of the warmer sites, variable amounts of cloud and a breeze, 
inhibited cold air drainage 
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The sites to the south were again warmer due to the wind 
coming off the English Channel, especially at the coastal sites. 
Despite that, the temperatures were generally very low, which 
was due to cold air advection off the continent. 
The diurnal range of road temperatures, shown in Table 4.8, 
were generally highest at the more open sites which is to be 
expected. They were lowest at the more closed sites and also 
some of the coastal sites, e.g. Kingsteignton, where onshore 
winds occurred. The diurnal range of air temperatures didn't 
vary a great deal at each site, Bratton Down being the lowest 
diurnal range. Some of the sites with lower minimums had a 
larger diurnal range but this was not generally the case. 
Figure 4.4 Synoptic Chart for 1200 GMT February 6th 1991 from 
Weather Log 
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Table 4.7 Minimum Road Surface and Air Temperatures for 
February 6th 1991 in Rank Order 
Rank Site Min Road Temp Rank 
(oC) 
Site 
1 
6 
8 
14 
19 
24 
27 
28 
31 
33 
34 
Haldon Hill 
Stopgate Cross 
Sourton Cross A386 
Sourton Cross A30 
Yollacombe 
Whiddon Down 
Hunters Lodge 
Sampford Peverell (S) 
3 Horse Shoes 
Halwill Junction 
Cross Farm 
West Country Inn 
Bratton Down 
Sampford Peverell 
Slade Cross 
Friars Hele 
Nether Bridge 
Beaford Moor 
Poltimore Bowls 
Clyst Honiton 
Wellparks 
Culver Bottom 
Tuelldown 
Ebford Manor 
Roborough 
Yelverton 
Kingsteignton 
Pridhamsleigh 
Marley Head 
Plympton Bridge 
Parkway Eggbuckland 
Totnes Cross 
Parkway Donington 
Eggesford 
-9.0 
-9.0 
-9.0 
-9.0 
-9.0 
-8.5 
-8.5 
-8.0 
-8.0 
-8.0 
-8.0 
-8.0 
-8.0 
-7.5 
-7.5 
-7.5 
-7.5 
-7.5 
-7.0 
-7.0 
-7.0 
-7.0 
-7.0 
-6.5 
-6.5 
-6.5 
-6.0 
-5.5 
-5.5 
-5.5 
-5.0 
-5.0 
-4.5 
-4.0 
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1 
2 
3 
6 
7 
12 
15 
21 
25 
29 
Whiddon Down 
Marley Head 
Hunters Lodge 
Stopgate Cross 
Yelverton 
3 Horse Shoes 
Haldon Hill 
Tuelldown 
Sourton Cross 
Halwill Junction 
Bratton Down 
Culver Bottom 
Slade Cross 
West Country Inn 
Sampford Peverell 
Poltimore Bowls 
Ebford Manor 
Totnes Cross 
Roborough 
Cross Farm 
Pridhamsleigh 
Plympton Bridge 
Friars Hele 
Yollacombe 
Kingsteignton 
Clyst Honiton 
Wellparks 
Nether Bridge 
Parkway 
-11.5 
-11.0 
-10.0 
-10.0 
-10.0 
-9.5 
-9.0 
-9.0 
-9.0 
-9.0 
-9.0 
-8.5 
-8.5 
-8.5 
-8.0 
-8.0 
-8.0 
-8.0 
-8.0 
-8.0 
-7.5 
-7.5 
-7.5 
-7.5 
-7.0 
-7.0 
-7.0 
-7.0 
-6.0 
Table 4.8 Diurnal Range of Road surface and Air Temperature on 
February 6th 1991 in Rank Order 
Rank 
1 
2 
8 
10 
11 
14 
20 
24 
26 
28 
29 
32 
33 
34 
Site Road Diurnal Rank 
Range (Deg.C) 
Sampford Peverell (S) 
Slade Cross 
Stopgate Cross 
Sourton Cross A386 
Friars Hele 
Nether Bridge 
Yollacombe 
Totnes Cross 
Sourton Cross A30 
Poltimore Bowls 
Sampford Peverell 
Parkway Eggbuckland 
Halwill Junction 
3 Horse Shoes 
Clyst Honiton 
Wellparks 
Roborough 
Cross Farm 
Bratton Down 
Haldon Hill 
Parkway Donington 
Ebford Manor 
West Country Inn 
Plympton Bridge 
Tuelldown 
Whiddon Down 
Yelverton 
Culver Bottom 
Marley Head 
Hunters Lodge 
Kingsteignton 
Pridhamsleigh 
Beaford Moor 
Eggesford 
15.5 
15.0 
15.0 
15.0 
15.0 
15.0 
15.0 
14.5 
14.5 
14.0 
13.5 
13.5 
13.5 
13.0 
13.0 
13.0 
13.0 
13.0 
13.0 
12.5 
12.5 
12.5 
12.5 
12.0 
12.0 
11.5 
11.5 
11.0 
10.5 
10.5 
10.5 
10.0 
9.5 
8.5 
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1 
3 
5 
9 
21 
25 
29 
30 
Site Air Diurnal 
Range (Deg.C) 
Ebford Manor 
Culver Bottom 
Marley Head 
Tuelldown 
Plympton Bridge 
Whiddon Down 
Hunters Lodge 
Clyst Honiton 
Poltimore Bowls 
Haldon Hill 
Pridhamsleigh 
Parkway 
3 Horse Shoes 
Slade Cross 
Stopgate Cross 
Roborough 
Yelverton 
Sourton Cross 
Nether Bridge 
Halwill Junction 
Kingsteignton 
Well parks 
Yollacombe 
Bratton Down 
Sampford Peverell 
Totnes Cross 
Friars Hele 
Cross Farm 
West Country Inn 
Beaford Moor 
10.5 
10.5 
10.0 
10.0 
9.5 
9.5 
9.5 
9.5 
9.0 
9.0 
9.0 
9.0 
9.0 
9.0 
9.0 
9.0 
9.0 
9.0 
9.0 
9.0 
8.5 
8.5 
8.5 
8.5 
8.0 
8.0 
8.0 
8.0 
7.5 
5.5 
February 7th 
Figure 4.5 shows the synoptic chart. The weather in Devon was 
varied, with 4 oktas broken cloud and also some snow in many 
places. Amounts varied but most of the snow fell in the north 
and east of the county. However it was cold everywhere with a 
brisk easterly wind. The very cold air from the continent kept 
daytime air temperatures below freezing at all the sites. 
Weather at the University of Plymouth 
0900 GMT 1700 GMT 
Air Temperature : -6.8°C 
Weather : Snow Shower 
Wind : 10 Kts N-NE 
Rainfall : Tr 
Cloud Amount : 6 oktas 
Air Temperature 
Weather : Fine 
Wind : 10 Kts N 
Rainfall 
Sunshine 
Omm 
5.7 Hrs 
Cloud Amount : 7 oktas 
The lowest minimum road and air temperatures shown in Table 4.9 
were on the higher sites, as there was a breeze and some cloud 
which meant the boundary layer would have been well mixed. 
However, there may have been some cold air drainage in places 
such as Culver Bottom which is fairly sheltered from the wind as 
this site showed one of the lowest air temperature minimums. 
Most of the sites recorded air temperature minimums below road 
temperature minimums, which seemed to fit the weather conditions. 
Many of the more northern road surface temperatures seemed to be 
warmer. This could be because these were the areas where most 
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of the snow fell, and so a snow cover caused insulation of the 
road surface. However, the sites influenced by the coast were 
also warmer than the other sites by about 1 deg.C, though that 
was reflected more in the air temperature than the road surface 
temperature. 
The diurnal range of road temperature in Table 4.10 varied, 
some being very low e.g Bratton Down which had a diurnal range 
of 2. 5 deg. C where snowfall may have occurred. The lowest 
diurnal ranges were found on the hills, and the highest were 
found on the southern coastal stations, received most of the 
sunshine. 
The diurnal r ange of air temperature was generally low. The 
highest was at Cu lver Bottom. The lowest values showed little 
change from the overn i ght temperature and these were found mainly 
in the northern a rea of the county. Probably it was here where 
most of any snow f ell. 
Figure 4.5 Synoptic Chart for 1200 GMT February 7th 1991 from 
Weather Log 
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Table 4.9 Minimum Road surface and Air Temperatures for 
February 7th 1991 in Rank Order 
Rank Site Min Road Temp Rank 
(cC) 
Site 
1 
2 
5 
7 
10 
20 
24 
31 
33 
34 
3 Horse Shoes 
Whiddon Down 
Hunters Lodge 
Stopgate Cross 
Haldon Hill 
Totnes Cross 
Marley Head 
Yelverton 
Sourton Cross A30 
Poltimore Bowls 
Pridhamsleigh 
Plympton Bridge 
Kingsteignton 
Clyst Honiton 
Ebford Manor 
Culver Bottom 
Roborough 
Sourton Cross A386 
Nether Bridge 
Sampford Peverell 
Parkway Eggbuckland 
Wellparks 
Beaford Moor 
Sampford Peverell (S) 
Parkway Donington 
Slade Cross 
Tuelldown 
Friars Hele 
Cross Farm 
Yollacombe 
Halwill Junction 
West Country Inn 
Bratton Down 
Eggesford 
-8.5 
-7.0 
-7.0 
-7.0 
-6.5 
-6.5 
-6.0 
-6.0 
-6.0 
-5.5 
-5.5 
-5.5 
-5.5 
-5.5 
-5.5 
-5.5 
-5.5 
-5.5 
-5.5 
-5.0 
-5.0 
-5.0 
-5.0 
-4.5 
-4.5 
-4.5 
-4.5 
-4.5 
-4.5 
-4.5 
-4.0 
-4.0 
-3.0 
-2.5 
83 
1 
4 
5 
6 
8 
12 
14 
17 
22 
29 
Marley Head 
Whiddon Down 
Culver Bottom 
Hunters Lodge 
Totnes Cross 
Stopgate Cross 
Yelverton 
3 Horse Shoes 
Wellparks 
Tuelldown 
Sourton Cross 
Haldon Hill 
Roborough 
Ebford Manor 
Halwill Junction 
Cross Farm 
Sampford Peverell 
Poltimore Bowls 
Pridhamsleigh 
Plympton Bridge 
Slade Cross 
Kingsteignton 
Clyst Honiton 
Friars Hele 
Nether Bridge 
West Country Inn 
Yollacombe 
Bratton Down 
Parkway 
-9.0 
-9.0 
-9.0 
-8.5 
-8.0 
-7.5 
-7.5 
-7.0 
-7.0 
-7.0 
-7.0 
-6.5 
-6.5 
-6.0 
-6.0 
-6.0 
-5.5 
-5.5 
-5.5 
-5.5 
-5.5 
-5.0 
-5.0 
-5.0 
-5.0 
-5.0 
-5.0 
-5.0 
-4.5 
Table 4.10 Diurnal Range of Road surface and Air Temperatures 
for February 7th in Rank Order 
Rank 
1 
2 
3 
8 
10 
16 
22 
23 
30 
32 
33 
34 
Site Road Diurnal Rank 
Range (Deg.C) 
3 Horse Shoes 
Plympton Bridge 
Pridhamsleigh 
Marley Head 
Parkway Eggbuckland 
Kingsteignton 
Totnes Cross 
Slade Cross 
Roborough 
Sampford Peverell 
Sampford Peverell (S) 
Poltimore Bowls 
Haldon Hill 
Ebford Manor 
Nether Bridge 
Hunters Lodge 
Clyst Honiton 
Culver Bottom 
Stopgate Cross 
Yelverton 
West Country Inn 
Wellparks 
Parkway Donington 
Whiddon Down 
Sourton Cross A30 
Friars Hele 
Halwill Junction 
Cross Farm 
Yollacombe 
Sourton Cross A386 
Beaford Moor 
Eggesford 
Bratton Down 
Tuelldown 
9.5 
8.0 
7.5 
7.5 
7.5 
7.5 
7.5 
7.0 
7.0 
6.5 
6.5 
6.5 
6.5 
6.5 
6.5 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
5.5 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
4.0 
4.0 
3.5 
2.5 
2.0 
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1 
2 
3 
4 
10 
21 
25 
30 
Site Air Diurnal 
Range (Deg.C) 
Culver Bottom 
Wellparks 
Hunters Lodge 
Poltimore Bowls 
Pridhamsleigh 
Marley Head 
Whiddon Down 
Ebford Manor 
Roborough 
Sampford Peverell 
Haldon Hill 
Kingsteignton 
3 Horse Shoes 
Clyst Honiton 
Stopgate Cross 
Totnes Cross 
Tuelldown 
Sourton Cross 
Nether Bridge 
Cross Farm 
Plympton Bridge 
Parkway 
Slade Cross 
Yelverton 
Friars Hele 
Halwill Junction 
West Country Inn 
Beaford Moor 
Yollacombe 
Bratton Down 
5.0 
3.5 
3.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.0 
1.0 
1.0 
1.0 
0.5 
0.5 
0.5 
0.5 
0.5 
0.0 
February 8th 
Overnight again the weather was fairly variable. There was some 
snow around but some areas had a lot whereas other areas had only 
a slight covering. It was another very cold night and it was 
still fairly windy although the wind dropped by morning. During 
the day there was some sunshine in some areas especially the 
south coast but some areas had snow. It was a cold day but not 
as cold as the day before, and also the wind had dropped. 
Weather at the University of Plymouth 
0900 GMT 
Air Temperature 
Weather : Fine 
Wind : 11 Kts N-NE/N 
Rainfall : Tr 
1700 GMT 
Air Temperature 
Weather : Fine 
Wind : 7Kts N-NW 
Rainfall 
Sunshine 
Omm 
6.4 Hrs 
Table 4.11 shows that the lowest road temperatures were found at 
various locations including valley bottoms and high ground sites 
and the more eastern areas. Snowfall was an important influence 
on minimum road temperatures, as snow may have been lying on the 
minor roads due to fresh overnight falls, reducing the rate of 
which road surface temperatures fell. The highest road surface 
temperatures were found at varied locations although places 
exposed to the coast were about 1 deg.C warmer than other places. 
The lowest air temperatures occurred at the valley sites, 
e. g Wellparks -12°C, showing that cold air drainage may have 
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occurred in these areas as air temperatures here were lower than 
the road surface temperatures. Snow cover could also have 
influenced the amount of cooling hence some sites in the east, 
where most snow fell had some of the lowest temperatures. The 
highest temperatures were again mainly on the coastal fringes of 
the county where the wind was directly off the sea. However all 
areas again recorded very low temperatures. 
The diurnal range of both the road and air temperature, in 
Table 4.12 occurred where cold air drainage occurred. However 
road temperatures also showed a large diurnal range at the more 
southern sites which received the most sunshine. The lowest 
diurnal range of air temperatures were mostly in the eastern 
areas, possibly due to snowfall, but also on the more coastal 
sites which were the warmest places overnight. The diurnal range 
of road surface temperature was lowest at various places 
including some of the more shaded areas, although sunshine varied 
across the county. 
Figure 4.6 Synoptic Chart for 1200 GMT February 8th 1991 from 
weather Log 
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Table 4.11 Minimum Road surface and Air Temperatures for 
February 8th 1991 in Rank Order 
Rank Site Min Road Temp Rank 
(oC) 
Site 
1 
2 
4 
6 
8 
22 
28 
32 
33 
Nether Bridge 
Friars Hele 
Yollacombe 
Wellparks 
Sourton Cross A30 
Poltimore Bowls 
Sourton Cross A386 
Sampford Peverell 
Sampford Peverell (S) 
Haldon Hill 
Pridhamsleigh 
Parkway Eggbuckland 
Whiddon Down 
Clyst Honiton 
Culver Bottom 
Slade Cross 
Stopgate Cross 
Yelverton 
Halwill Junction 
Cross Farm 
Beaford Moor 
Marley Head 
Plympton Bridge 
Parkway Donington 
Hunters Lodge 
Totnes Cross 
Tuelldown 
Kingsteignton 
Ebford Manor 
Roborough 
Bratton Down 
3 Horse Shoes 
Eggesford 
West Country Inn 
-9.5 
-9.0 
-9.0 
-8.5 
-8.5 
-8.0 
-8.0 
-7.5 
-7.5 
-7.5 
-7.5 
-7.5 
-7.5 
-7.5 
-7.5 
-7.5 
-7.5 
-7.5 
-7.5 
-7.5 
-7.5 
-7.0 
-7.0 
-7.0 
-7.0 
-7.0 
-7.0 
-6.5 
-6.5 
-6.5 
-6.5 
-6.0 
-5.5 
-5.5 
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1 
4 
5 
6 
7 
10 
14 
15 
18 
21 
22 
25 
29 
Wellparks 
Friars Hele 
Nether Bridge 
Culver Bottom 
Yollacombe 
Poltimore Bowls 
Sampford Peverell 
Clyst Honiton 
Halwill Junction 
Marley Head 
Slade Cross 
Yelverton 
Sourton Cross 
Whiddon Down 
Pridhamsleigh 
Ebford Manor 
Totnes Cross 
Parkway 
Kingsteignton 
Cross Farm 
Hunters Lodge 
Tuelldown 
West Country Inn 
Bratton Down 
Haldon Hill 
Plympton Bridge 
Stopgate Cross 
Roborough 
3 Horse Shoes 
-12.0 
-12.0 
-12.0 
-11.5 
-10.0 
-9.5 
-9.0 
-9.0 
-9.0 
-8.5 
-8.5 
-8.5 
-8.5 
-8.0 
-7.5 
-7.5 
-7.5 
-7.0 
-7.0 
-7.0 
-6.5 
-6.0 
-6.0 
-6.0 
-5.5 
-5.5 
-5.5 
-5.5 
-4.5 
Table 4.12 Diurnal Range of Road Surface and Air Temperatures 
for February 8th in Rank Order 
Rank 
1 
2 
3 
4 
8 
12 
14 
20 
28 
29 
32 
33 
34 
Site Road Diurnal Rank 
Range (Deg.C) 
Friars Hele 
Nether Bridge 
Totnes Cross 
Poltimore Bowls 
Plympton Bridge 
Parkway Eggbuckland 
Yollacombe 
Marley Head 
Sourton Cross A30 
Halwill Junction 
Cross Farm 
Haldon Hill 
Slade Cross 
Whiddon Down 
3 Horse Shoes 
Clyst Honiton 
Culver Bottom 
Yelverton 
Beaford Moor 
Sampford Peverell (S) 
Parkway Donington 
Kingsteignton 
Wellparks 
Stopgate Cross 
Roborough 
Sourton Cross A386 
Bratton Down 
Ebford Manor 
Sampford Peverell 
Pridharnsleigh 
Hunters Lodge 
West Country Inn 
Eggesford 
Tuelldown 
14.0 
13.5 
11.5 
11.0 
11.0 
11.0 
11.0 
10.5 
10.5 
10.5 
10.5 
10.0 
10.0 
9.5 
9.5 
9.5 
9.5 
9.5 
9.5 
9.0 
9.0 
9.0 
9.0 
9.0 
9.0 
9.0 
9.0 
8.5 
8.0 
8.0 
8.0 
7.5 
6.0 
5.5 
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1 
2 
3 
4 
5 
6 
7 
9 
10 
11 
12 
17 
18 
20 
23 
25 
27 
30 
Site Air Diurnal 
Range (Deg. C) 
Wellparks 
Nether Bridge 
Friars Hele 
Culver Bottom 
Yollacombe 
Poltirnore Bowls 
Sampford Peverell 
Clyst Honiton 
Halwill Junction 
Parkway 
Slade Cross 
Pridhamsleigh 
Marley Head 
Kingsteignton 
Ebford Manor 
Cross Farm 
Sourton Cross 
Yelverton 
West Country Inn 
Plympton Bridge 
Roborough 
Beaford Moor 
Whiddon Down 
Totnes Cross 
Hunters Lodge 
Kingsteignton 
Haldon Hill 
Stopgate Cross 
Tuelldown 
3 Horse Shoes 
12.0 
11.5 
11.0 
10.0 
9.0 
8.5 
8.0 
8.0 
7.5 
7.0 
6.5 
6.0 
6.0 
6.0 
6.0 
6.0 
5.5 
5.0 
5.0 
4.5 
4.5 
4.5 
4.0 
4.0 
3.5 
3.5 
3.0 
3.0 
3.0 
2.0 
February 9th 
Figure 4.7 shows the synoptic chart. Overnight there were clear 
skies in many areas, and also the wind dropped leading to intense 
nocturf1al cooling in some areas. However snow affected some 
areas at first, but this cleared fairly quickly from the county. 
During the day, although again there was some sunshine snow fell 
again in various parts of the county. It remained very cold but 
less windy. 
Weather at the University of Plymouth 
0900 GMT 
Air Temperature 
Weather : Fine 
Wind : Calm 
Rainfall : Omm 
1700 GMT 
Air Temperature 
Weather : Snow 
Wind : 8 Kts E 
Rainfall 
Sunshine 
Tr 
4.2 Hrs 
-2.1°C 
The lowest road surface minimums were again found at the valley 
sites and also the more open sites. Cold air drainage was 
probable in the valleys where air temperatures were lower than 
road surface temperatures as seen in Table 4. 13. Again the 
coastal fringes of the county had the highest road surface and 
air temperatures. However to a certain extent the eastern sites 
had higher temperatures probably as these areas were affected by 
snow in the first part of the night whereas, other areas had 
clear skies. 
The diurnal ranges of road and air temperatures were again 
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where some of the lowest temperatures occurred the night before, 
as shown in Table 4. 14, where cold air drainage occurred in 
valley bottoms . However the diurnal range of road temperatures 
were also high at the more open sites. The lowest diurnal range 
of air temperature was found at the more eastern sites, probably 
due to lying snow which reflected much of the sunlight. The 
lowest diurnal range of road temperatures occurred mainly in the 
south and east, particularly at the sites with shading. Slade 
Cross had a very low diurnal range of road temperature. This 
could be due to lying snow that was not cleared or cloud or 
because of shading. Possibly all three factors could have been 
an influence. 
Figure 4.7 Synoptic Chart for 1200 GMT February 9th 1991 from 
Weather Log 
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Table 4.13 Minimum Road Surface and Air Temperatures for 
February 9th 1991 in Rank Order 
Rank Site Min Road Temp Rank 
(oC) 
Site 
1 
3 
5 
9 
21 
29 
33 
34 
Friars Hele 
Nether Bridge 
Sourton Cross A30 
Yollacornbe 
Sampford Peverell (S) 
Whiddon Down 
cross Farm 
Beaford Moor 
Sarnpford Peverell 
Haldon Hill 
Marley Head 
Hunters Lodge 
Clyst Honiton 
Wellparks 
Culver Bottom 
Slade Cross 
stopgate Cross 
Yelverton 
Sourton Cross A386 
Halwill Junction 
Poltirnore Bowls 
Pridhamsleigh 
Plyrnpton Bridge 
Parkway Eggbuckland 
Kingsteignton 
Roborough 
Tuelldown 
Bratton Down 
Parkway Donington 
3 Horse Shoes 
Ebford Manor 
Totnes Cross 
West Country Inn 
Eggesford 
-9.5 
-9.5 
-9.0 
-9.0 
-8.5 
-8.5 
-8.5 
-8.5 
-8.0 
-8.0 
-8.0 
-8.0 
-8.0 
-8.0 
-8.0 
-8.0 
-8.0 
-8.0 
-8.0 
-8.0 
-7.5 
-7.5 
-7.5 
-7.5 
-7.5 
-7.5 
-7.5 
-7.5 
-7.0 
-7.0 
-7.0 
-7.0 
-6.5 
-6.0 
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1 
2 
3 
4 
5 
7 
9 
10 
12 
16 
21 
27 
28 
Friars Hele 
Culver Bottom 
Nether Bridge 
Whiddon Down 
Wellparks 
Halwill Junction 
Marley Head 
Yelverton 
Sourton Cross 
Sampford Peverell 
Totnes Cross 
Kingsteignton 
Slade Cross 
Roborough 
Tuelldown 
Cross Farm 
Poltimore Bowls 
Pridhamsleigh 
Hunters Lodge 
Yollacombe 
Bratton Down 
Plympton Bridge 
Parkway 
Clyst Honiton 
Ebford Manor 
Stopgate Cross 
3 Horse Shoes 
Haldon Hill 
West Country Inn 
-12.5 
-12.0 
-11.5 
-10.5 
-10.0 
-10.0 
-9.5 
-9.5 
-9.0 
-8.5 
-8.5 
-8.0 
-8.0 
-8.0 
-8.0 
-8.0 
-7.5 
-7.5 
-7.5 
-7.5 
-7.5 
-7.0 
-7.0 
-7.0 
-7.0 
-7.0 
-6.5 
-6.0 
-6.0 
Table 4.14 Diurnal Range of Air and Road surface Temperatures 
for February 9th 1991 in Rank Order 
Rank 
1 
2 
5 
6 
9 
13 
14 
19 
24 
27 
32 
33 
34 
Site Road Diurnal Rank 
Range (Deg.C) 
Nether Bridge 
Marley Head 
Sourton Cross A30 
West Country Inn 
Totnes Cross 
Sampford Peverell (S) 
Sourton Cross A386 
Halwill Junction 
Haldon Hill 
Plympton Bridge 
Roborough 
Yelverton 
Whiddon Down 
Parkway Eggbuckland 
Culver Bottom 
Friars Hele 
Cross Farm 
Beaford Moor 
Sampford Peverell 
Hunters Lodge 
Kingsteignton 
Ebford Manor 
Wellparks 
Parkway Donington 
Clyst Honiton 
Tuelldown 
Poltimore Bowls 
3 Horse Shoes 
Stopgate Cross 
Yollacombe 
Bratton Down 
Pridharnsleigh 
Eggesford 
Slade Cross 
14.0 
12.5 
12.5 
12.5 
12.0 
11.5 
11.5 
11.5 
11.0 
11.0 
11.0 
11.0 
10.5 
10.0 
10.0 
10.0 
10.0 
10.0 
9.5 
9.5 
9.5 
9.5 
9.5 
9.0 
9.0 
9.0 
8.5 
8.5 
8.5 
8.5 
8.5 
8.0 
6.0 
3.5 
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1 
2 
3 
4 
7 
8 
11 
13 
16 
21 
24 
26 
27 
28 
Site Air Diurnal 
Range (Deg.C) 
Nether Bridge 
Culver Bottom 
Friars Hele 
Wellparks 
Roborough 
Halwill Junction 
Parkway 
Plympton Bridge 
Yelverton 
Sourton Cross 
Pridharnsleigh 
Kingsteignton 
Marley Head 
Tuelldown 
Cross Farm 
Sampford Peverell 
Poltimore Bowls 
Whiddon Down 
Clyst Honiton 
West Country Inn 
Totnes Cross 
Beaford Moor 
Bratton Down 
Ebford Manor 
Yollacombe 
Hunters Lodge 
Haldon Hill 
3 Horse Shoes 
Slade Cross 
Stopgate Cross 
11.0 
10.5 
9.5 
8.5 
8.5 
8.5 
8.0 
7.5 
7.5 
7.5 
7.0 
7.0 
6.5 
6.5 
6.5 
6.0 
6.0 
6.0 
6.0 
6.0 
5.5 
5.5 
5.5 
5.0 
5.0 
4.0 
3.0 
2.5 
2.5 
2.5 
February lOth 
The synoptic chart is shown in Figure 4. 8. Overnight again there 
were mainly clear skies across the county. However there were 
a few snow showers around, but these were fairly well scattered. 
Light winds and mainly clear skies led to intense nocturnal 
cooling again. During the day the weather was mainly sunny 
although there were still one or two snow showers around. It was 
less cold in most areas as well. 
Weather at the University of Plymouth 
0900 GMT 1700 GMT 
Air Temperature 
Weather : Fine 
Wind : 2 Kts N 
Rainfall : Tr 
Air Temperature 2.6°C 
Weather : Fine 
Wind : 10 Kts N-NW 
Rainfall 
Sunshine 
Ornrn 
5.5 Hrs 
The lowest road surface temperature minimums, shown in Table 
4.15, were at the valley and eastern sites. The same was true 
for the air temperature minimums. For the valley sites cold air 
drainage was a factor. However, surrounding snow cover probably 
affected the sites in the east, leading to more intense cooling. 
Some of the·-valley sites had air temperatures below the road 
temperatures showing evidence of cold air drainage but there were 
some notable exceptions, for example Nether Bridge. The highest 
temperatures again tended to be towards the coastal fringes and 
to a certain extent on the western side of the county. There was 
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quite a large diurnal range everywhere of both air and road 
temperatures especially at the valley sites. It was mainly the 
high ground areas where the lowest diurnal range occurred. 
Haldon Hill h ad a noticeably low diurnal range of air 
temperature. Slade Cross continued to have a low diurnal range 
of road surface temperature so there was possibly still some snow 
or slush on the r oad. 
Figure 4.8 synoptic Chart for 1200 GMT February lOth 1991 from 
Weather Log 
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Table 4.15 Minimum Road surface and Air Temperatures for 
February lOth in Rank Order 
Rank Site Min Road Temp Rank 
(cC) 
Site 
1 
4 
8 
14 
21 
27 
32 
34 
Sampford Peverell (S) 
Culver Bottom 
Yollacombe 
Hunters Lodge 
Clyst Honiton 
Wellparks 
Nether Bridge 
Sampford Peverell 
Poltimore Bowls 
Kingsteignton 
Stopgate Cross 
Sourton Cross A386 
Friars Hele 
Pridhamsleigh 
Parkway Eggbuckland 
Whiddon Down 
Eggesford 
Slade Cross 
Sourton Cross A30 
Beaford Moor 
Haldon Hill 
Marley Head 
Parkway Donington 
3 Horse Shoes 
Totnes Cross 
Halwill Junction 
Plympton Bridge 
Ebford Manor 
Yelverton 
Cross Farm 
Bratton Down 
Roborough 
Tuelldown 
West Country Inn 
-7.0 
-7.0 
-7.0 
-6.5 
-6.5 
-6.5 
-6.5 
-6.0 
-6.0 
-6.0 
-6.0 
-6.0 
-6.0 
-5.5 
-5.5 
-5.5 
-5.5 
-5.5 
-5.5 
-5.5 
-5.0 
-5.0 
-5.0 
-5.0 
-5.0 
-5.0 
-4.5 
-4.5 
-4.5 
-4.5 
-4.5 
-4.0 
-4.0 
-3.5 
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1 
2 
3 
5 
7 
9 
11 
15 
19 
21 
24 
25 
29 
Culver Bottom 
Wellparks 
Sampford Peverell 
Clyst Honiton 
Kingsteignton 
Nether Bridge 
Pridhamsleigh 
Friars Hele 
Poltimore Bowls 
Yelverton 
Marley Head 
Parkway 
Whiddon Down 
Slade Cross 
Hunters Lodge 
Stopgate Cross 
Totnes Cross 
Sourton Cross 
Ebford Manor 
Yollacombe 
Plympton Bridge 
Tuelldown 
Halwill Junction 
Roborough 
3 Horse Shoes 
Cross Farm 
West Country Inn 
Bratton Down 
Haldon Hill 
-8.5 
-7.5 
-6.5 
-6.5 
-6.0 
-6.0 
-5.5 
-5.5 
-5.0 
-5.0 
-4.5 
-4.5 
-4.5 
-4.5 
-4.0 
-4.0 
-4.0 
-4.0 
-3.5 
-3.5 
-3.0 
-3.0 
-3.0 
-2.5 
-2.0 
-2.0 
-2.0 
-2.0 
-1.0 
Table 4.16 Diurnal Range of Road Surface and Air Temperatures 
for February lOth in Rank Order 
Rank 
1 
2 
3 
4 
6 
12 
15 
17 
21 
24 
26 
31 
32 
33 
34 
Site Road Diurnal Rank 
Range (Deg.C) 
Sampford Peverell (S) 
Kingsteignton 
Friars Hele 
Marley Head 
Culver Bottom 
Poltimore Bowls 
Pridhamsleigh 
Plympton Bridge 
Wellparks 
Nether Bridge 
Cross Farm 
Parkway Eggbuckland 
Stopgate Cross 
Totnes Cross 
Clyst Honiton 
Bratton Down 
Sampford Peverell 
Haldon Hill 
Roborough 
Halwill Junction 
Ebford Manor 
West Country Inn 
Yollacombe 
3 Horse Shoes 
Sourton Cross A30 
Parkway Donington 
Hunters Lodge 
Yelverton 
Sourton Cross A386 
Beaford Moor 
Eggesford 
Whiddon Down 
Tuelldown 
Slade Cross 
17.0 
15.5 
15.0 
14.5 
14.5 
13.5 
13.5 
13.5 
13.5 
13.5 
13.5 
13.0 
13.0 
13.0 
12.5 
12.5 
12.0 
12.0 
12.0 
12.0 
11.5 
11.5 
11.5 
11.0 
11.0 
10.5 
10.5 
10.5 
10.5 
10.5 
10.0 
9.0 
8.0 
5.0 
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1 
2 
3 
4 
8 
9 
11 
12 
15 
17 
20 
24 
28 
30 
Site Air Diurnal 
Range (Deg.C) 
Culver Bottom 
Wellparks 
Kingsteignton 
Sampford Peverell 
Pridhamsleigh 
Clyst Honiton 
Nether Bridge 
Parkway 
Poltimore Bowls 
Friars Hele 
Plympton Bridge 
Marley Head 
Ebford Manor 
Roborough 
Yelverton 
Yollacombe. 
Hunters Lodge 
Sourton Cross 
Halwill Junction 
Stopgate Cross 
Totnes Cross 
Tuelldown 
Cross Farm 
Whiddon Down 
Slade Cross 
West Country Inn 
Bratton Down 
3 Horse Shoes 
Beaford Moor 
Haldon Hill 
12.0 
11.0 
10.5 
10.0 
10.0 
10.0 
10.0 
9.5 
8.5 
8.5 
7.0 
6.5 
6.5 
6.5 
6.0 
6.0 
5.5 
5.5 
5.5 
5.0 
5.0 
5.0 
5.0 
4.5 
4.5 
4.5 
4.5 
4.0 
4.0 
2.5 
February 12th 
The synoptic chart is shown in Figure 4.9. Overnight clear skies 
gave way to increasing cloud from the north-west. During the day 
rain spread to all areas although some high ground areas had 
sleet or snow. The rain cleared all areas before the end of the 
day. Temperatures remained cold but were warmer than they had 
been the last few days. 
Weather at the University of Plymouth 
0900 GMT 1700 GMT 
Air Temperature o.7°C Air Temperature.: 4.4°C 
Weather : Fine Weather : Rain 
Wind : Calm Wind : 8 Kts NW 
Rainfall : Tr Rainfall 3.5mm 
Cloud Amount : 7 oktas Sunshine 0 
Cloud Amount 6 oktas 
The coldest spots overnight, as shown in Table 4.17, were mainly 
in the south where skies were clear the longest. However one or 
two valley locations also had low road temperatures. Despite 
this cold air drainage was not very well established as none of 
the valley sites had air temperatures lower than the road 
temperatures. Again the air temperatures were lowest in the 
south of Devon particularly on sites which are on high ground. 
The Yollacombe sensor behaved particularly peculiarly as it 
showed the lowest road surface temperature and yet came out one 
of the highest air temperatures. Possibly lying snow had an 
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influence in keeping the road temperature down, snow may not have 
been properly cleared as the site is on a quiet country road. 
The diurnal range of air and road temperature was again 
mostly highest i n the south of Devon, as can be seen in Table 
4.18, probably because more cooling occurred during the night. 
It was the high ground sites which had the lowest diurnal range 
of road temperature. Quite a few locations had a larger diurnal 
range of air temperature than road temperature. This is 
generally to be expected in cloudy conditions as the air tends 
to react faster than the road to warming or cooling by advection. 
Also snow may have fallen in a few areas as temperatures were 
close to freezing at one or two places and this may have kept 
road surface temperatures down. Generally the diurnal range was 
low which is to b e expected in cloudy conditions. 
Figure 4.9 synoptic Chart for 1200 GMT February 12th 1991 from 
Weather Log 
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Table 4.17 Minimum Road Surface and Air Temperatures for 
February 12th 1991 in Rank Order 
Rank Site Min Road Temp Rank 
(cC) 
Site 
1 
2 
5 
10 
16 
25 
33 
Yollacombe 
Hunters Lodge 
Culver Bottom 
Yelverton 
Plympton Bridge 
Parkway Eggbuckland 
Parkway Donington 
Roborough 
Cross Farm 
Marley Head 
Whiddon Down 
Wellparks 
Slade Cross 
West Country Inn 
Bratton Down 
Sampford Peverell (S) 
3 Horse Shoes 
Stopgate Cross 
Totnes Cross 
Tuelldown 
Sourton Cross A386 
Sourton Cross A30 
Halwill Junction 
Beaford Moor 
Sampford Peverell 
Haldon Hill 
Pridhamsleigh 
Kingsteignton 
Ebford Manor 
Eggesford 
Friars Hele 
Nether Bridge 
Poltimore Bowls 
Clyst Honiton 
-2.5 
-2.0 
-2.0 
-2.0 
-1.5 
-1.5 
-1.5 
-1.5 
-1.5 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-1.0 
-0.5 
-0.5 
-0.5 
-0.5 
-0.5 
-0.5 
-0.5 
-0.5 
-0.5 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.5 
0.5 
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1 
2 
6 
7 
9 
16 
21 
28 
Totnes Cross 
Marley Head 
Whiddon Down 
Stopgate Cross 
Yelverton 
Hunters Lodge 
Haldon Hill 
Culver Bottom 
Sampford Peverell 
3 Horse Shoes 
Slade Cross 
Roborough 
Tuelldown 
Sourton Cross 
Halwill Junction 
Plympton Bridge 
Ebford Manor 
Cross Farm 
West Country Inn 
Bratton Down 
Poltimore Bowls 
Pridhamsleigh 
Kingsteignton 
Wellparks 
Friars Hele 
Nether Bridge 
Yollacombe 
Parkway 
Clyst Honiton 
-2.0 
-1.5 
-1.5 
-1.5 
-1.5 
-1.0 
-0.5 
-0.5 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.5 
0.5 
0.5 
0.5 
0.5 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
2.0 
2.0 
Table 4.18 Diurnal Range of Road surface and Air Temperatures 
for February 12th 1991 in Rank Order 
Rank 
1 
2 
3 
4 
6 
7 
8 
18 
24 
33 
Site Road Diurnal Rank 
Range (Deg.C) 
Roborough 
Parkway Donington 
Parkway Eggbuckland 
Plympton Bridge 
Whiddon Down 
Wellparks 
Yelverton 
Pridhamsleigh 
Marley Head 
Hunters Lodge 
Kingsteignton 
Culver Bottom 
Sourton Cross A30 
Cross Farm 
West Country Inn 
Yollacombe 
Bratton Down 
Sampford Peverell (S) 
Poltimore Bowls 
Haldon Hill 
Clyst Honiton 
Ebford Manor 
Slade Cross 
Sampford Peverell 
3 Horse Shoes 
Eggesford 
Stopgate Cross 
Tuelldown 
Sourton Cross A386 
Friars Hele 
Halwill Junction 
Beaford Moor 
Totnes Cross 
Nether Bridge 
5.5 
5.0 
4.5 
4.0 
4.0 
3.5 
3.0 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.0 
1.0 
100 
1 
2 
7 
21 
28 
30 
Site Air Diurnal 
Range (Deg. C) 
Haldon Hill 
Sampford Peverell 
Pridhamsleigh 
Kingsteignton 
Culver Bottom 
Slade Cross 
Marley Head 
Plympton Bridge 
Par kw ay 
Whiddon Down 
Hunters Lodge 
3 Horse Shoes 
Wellparks 
Stopgate Cross 
Totnes Cross 
Roborough 
Yelverton 
Tuelldown 
Cross Farm 
Bratton Down 
Ebford Manor 
Sourton Cross 
Friars Hele 
Nether Bridge 
Halwill Junction 
West Country Inn 
Yollacombe 
Poltimore Bowls 
Clyst Honiton 
Beaford Moor 
4.0 
3.5 
3.5 
3.5 
3.5 
3.5 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2.0 
2.0 
1.5 
February 13th 
Overnight the rain cleared the county very quickly and then Devon 
had a fairly clear night with light winds. Again frost was 
widespread. During the day the weather was fine again and many 
parts had quite a lot of sunshine. Again temperatures were 
cooler than average and winds were generally light. 
Weather at the university of Plymouth 
0900 GMT 1700 GMT 
Air Temperature 
Weather : Fine 
Wind : 9 Kts N-NE 
Rainfall : 0.2mm 
Cloud Amount : 6 oktas 
Air Temperature 
Weather : Fine 
Wind : 8 Kts N 
Rainfall 
Sunshine 
0~ 
7.1 Hrs 
Cloud Amount : 5 oktas 
The lowest temperatures were again at the valley sites as can be 
seen from Table 4.19. Cold air drainage seemed to be the cause 
of many of the colder sites, but surprisingly Nether Bridge, one 
of the best examples usually, had road temperatures lower than 
the air temperature. This could have been due to the northerly 
wind which blew down the river valley mixing the air, or more 
cloud in this part of the county. Even sites like Parkway 
registered low road and air temperatures, where before an onshore 
breeze kept these sites warmer. The warmer sites were mainly the 
ones on high ground where mixing is more pronounced. Generally 
road temperatures were lower than air temperatures on the high 
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ground which is to be expected. 
The diurnal range of both the air and road temperature, 
shown in Table 4.20 was large, which reflected the amount of 
sunshine across the county. There were some very large diurnal 
ranges of road temperature on the more exposed sites. The 
largest diurnal range of air temperature occurred in some of the 
areas which were the coldest during the night, mainly the 
valleys. The lowest diurnal range of air temperature occurred 
on the high ground sites. Haldon Hill showed very strange 
measurements having the largest diurnal range of road temperature 
of 19. 5°C compared to a diurnal range of air temperature of 
4.5°C. This shows how hilltops can be exposed to the sun leading 
to surface warming, yet good mixing at night, can suppress the 
air temperature diurnal range at high elevations. 
Figure 4.10 Synoptic Chart for 1200 GMT February 13th 1991 
from weather Log 
102 
Table 4.19 Minimum Road surface and Air Temperatures for 
February 13th 1991 in Rank Order 
Rank Site Min Road Temp Rank 
(oC) 
Site 
1 
2 
4 
9 
22 
27 
32 
34 
Nether Bridge 
Culver Bottom 
Yollacombe 
Sampford Peverell (S) 
Parkway Eggbuckland 
Whiddon Down 
Sourton Cross A30 
Friars Hele 
Sampford Peverell 
Poltimore Bowls 
Haldon Hill 
Pridhamsleigh 
Marley Head 
Parkway Donington 
Hunters Lodge 
Kingsteignton 
Clyst Honiton 
Slade Cross 
Stopgate Cross 
Sourton Cross A386 
Bratton Down 
Plympton Bridge 
Well parks 
Yelverton 
Halwill Junction 
Beaford Moor 
Totnes Cross 
Roborough 
Tuelldown 
Cross Farm 
West Country Inn 
3 Horse Shoes 
Ebford Manor 
Eggesford 
-7.0 
-6.5 
-6.5 
-6.0 
-6.0 
-6.0 
-6.0 
-6.0 
-5.5 
-5.5 
-5.5 
-5.5 
-5.5 
-5.5 
-5.5 
-5.5 
-5.5 
-5.5 
-5.5 
-5.5 
-5.5 
-5.0 
-5.0 
-5.0 
-5.0 
-5.0 
-4.5 
-4.5 
-4.5 
-4.5 
-4.5 
-4.0 
-4.0 
-3.5 
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1 
2 
3 
8 
14 
18 
19 
20 
23 
24 
27 
Culver Bottom 
Sampford Peverell 
Pridhamsleigh 
Parkway 
Wellparks 
Yelverton 
Nether Bridge 
Poltimore Bowls 
Marley Head 
Kingsteignton 
Clyst Honiton 
Friars Hele 
Yollacombe 
Whiddon Down 
Ebford Manor 
Slade Cross 
Halwill Junction 
Sourton Cross 
Plympton Bridge 
Totnes Cross 
Cross Farm 
West Country Inn 
Stopgate Cross 
Hunters Lodge 
Roborough 
Tuelldown 
Haldon Hill 
3 Horse Shoes 
Bratton Down 
-9.0 
-7.0 
-6.5 
-6.5 
-6.5 
-6.5 
-6.5 
-6.0 
-6.0 
-6.0 
-6.0 
-6.0 
-6.0 
-5.0 
-5.0 
-5.0 
-5.0 
-4.5 
-4.0 
-3.5 
-3.5 
-3.5 
-3.0 
-2.5 
-2.5 
-2.5 
-1.5 
-1.5 
-1.5 
Table 4.20 Diurnal Ranqe of Road Surface and Air Temperatures 
for February 13th 1991 in Rank Order 
Rank 
1 
2 
3 
5 
8 
13 
17 
19 
21 
22 
24 
26 
27 
28 
30 
31 
32 
33 
34 
Site Road Diurnal Rank 
Range (Deg.C) 
Haldon Hill 
Friars Hele 
Sampford Peverell (S) 
Plympton Bridge 
Culver Bottom 
Slade Cross 
West Country Inn 
Marley Head 
Kingsteignton 
3 Horse Shoes 
Sourton Cross A30 
Bratton Down 
Parkway Eggbuckland 
Totnes Cross 
Roborough 
Nether Bridge 
Poltimore Bowls 
Stopgate Cross 
Pridhamsleigh 
Clyst Honiton 
Parkway Donington 
Sampford Peverell 
Halwill Junction 
Wellparks 
Cross Farm 
Ebford Manor 
Beaford Moor 
Hunters Lodge 
Yelverton 
Sourton Cross A386 
Whiddon Down 
Eggesford 
Tuelldown 
Yollacombe 
19.5 
19.0 
18.5 
18.5 
18.0 
18.0 
18.0 
17.5 
17.5 
17.5 
17.5 
17.5 
17.0 
17.0 
17.0 
17.0 
16.5 
16.5 
16.0 
16.0 
15.5 
15.0 
15.0 
14.5 
14.5 
14.0 
13.5 
13.0 
13.0 
12.5 
11.5 
11.0 
9.0 
8.5 
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1 
2 
3 
5 
6 
9 
10 
11 
13 
15 
16 
17 
18 
20 
23 
25 
29 
Site Air Diurnal 
Range (Deg. C) 
Culver Bottom 
Pridhamsleigh 
Parkway 
Wellparks 
Clyst Honiton 
Sampford Peverell 
Poltimore Bowls 
Kingsteignton 
Nether Bridge 
Ebford Manor 
Marley Head 
Friars Hele 
Plympton Bridge 
Slade Cross 
Yelverton 
Halwill Junction 
Yollacombe 
Sourton Cross 
Cross Farm 
Roborough 
West Country Inn 
Bratton Down 
Whiddon Down 
Stopgate Cross 
Hunters Lodge 
3 Horse Shoes 
Totnes Cross 
Beaford Moor 
Haldon Hill 
Tuelldown 
14.0 
12.5 
12.0 
12.0 
11.5 
11.0 
11.0 
11.0 
10.5 
10.0 
9.5 
9.5 
9.0 
9.0 
8.5 
8.0 
7.5 
7.0 
7.0 
6.5 
6.5 
6.5 
6.0 
6.0 
5.5 
5.5 
5.5 
5.5 
4.5 
4.5 
February 14th 
The synoptic chart is shown in Figure 4. 11. overnight the 
weather was mostly dry across Devon. The weather was generally 
clear although the winds had changed to a westerly direction, so 
temperatures were milder than of late especially in the west. 
During the day the weather was again fine in most areas with 
variable amounts of cloud. 
Weather at the University of Plymouth 
0900 GMT 1700 GMT 
Air Temperature -0.1°C Air Temperature 4.9°C 
Weather : Fine Weather : Fine 
Wind : Calm Wind : 7 Kts SW 
Rainfall : Omm Rainfall : Ornrn 
Cloud Amount : 4 oktas Sunshine 5.9 Hrs 
Cloud Amount : 8 oktas 
The lowest temperatures were mainly in the north and east, as can 
be seen from Table 4 . 21. The sites in south and west Devon 
tended to be warmer, especially those that were near the south 
coast. The air temperatures behaved very similarly, with the 
lowest temperatures being at the high ground sites especially in 
the east whereas temperatures near the coastal sites in the south 
seemed to hold up. There did not seem to be cold air drainage 
at the valley sites possibly due to variable cloud cover, 
although again this is difficult to quantify. However the 
results certainly seemed to indicate that conditions were not 
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completely clear and calm. 
The diurnal range of the road temperature, shown in Table 
4. 22, again varied greatly, with the more open sites again 
showing the greatest range, more especially in the east of the 
county. The sites on high ground tended to show a smaller 
diurnal range especially in West Devon. This may be due to 
greater cloud cover on the western side, as the winds were 
westerly, but aga in this is difficult to quantify. Generally 
there was a low diurnal range of air temperature, with the 
greatest diurnal range in the east of the county, and a very low 
diurnal range in the south and west. This is generally more 
typical of a westerly type of airstream especially if cloud was 
increasing from the west, which is probable as there was an 
approaching f ront. 
Figure 4.11 Synoptic Chart for 1200 GMT February 14th 1991 
from Weather Log 
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Table 4.21 Minimum Road Surface and Air Temperatures for 
February 14th 1991 in Rank Order 
Rank Site Min Road Temp Rank 
(oC) 
Site 
1 
4 
5 
11 
15 
21 
31 
33 
Hunters Lodge 
Yollacombe 
Bratton Down 
Culver Bottom 
Whiddon Down 
Stopgate Cross 
Tuelldown 
Sourton Cross A386 
Halwill Junction 
Beaford Moor 
3 Horse Shoes 
Sourton Cross A30 
Cross Farm 
West Country Inn 
Sampford Peverell 
Sampford Peverell (S) 
Haldon Hill 
Eggesford 
Yelverton 
Friars Hele 
Poltimore Bowls 
Well parks 
Slade Cross 
Nether Bridge 
Pridhamsleigh 
Marley Head 
Kingsteignton 
Clyst Honiton 
Ebford Manor 
Totnes Cross 
Plympton Bridge 
Roborough 
Parkway Eggbuckland 
Parkway Donington 
0.5 
0.5 
0.5 
0.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
2.0 
2.0 
2.0 
2.0 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
4.0 
4.0 
4.5 
4.5 
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1 
2 
8 
14 
18 
23 
25 
26 
29 
Stopgate Cross 
Sampford Peverell 
Marley Head 
Whiddon Down 
Hunters Lodge 
Wellparks 
Totnes Cross 
Haldon Hill 
Yelverton 
Sourton Cross 
Halwill Junction 
West Country Inn 
Bratton Down 
Poltimore Bowls 
3 Horse Shoes 
Tuelldown 
Yollacombe 
Culver Bottom 
Slade Cross 
Fr.iars Hele 
Nether Bridge 
Cross Farm 
Kingsteignton 
Roborough 
Ebford Manor 
Pridhamsleigh 
Plympton Bridge 
Clyst Honiton 
Parkway 
1.5 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.5 
2.5 
2.5 
2.5 
2.5 
2.5 
3.0 
3.0 
3.0 
3.0 
3.5 
3.5 
3.5 
3.5 
3.5 
4.0 
4.0 
4.5 
5.0 
5.0 
5.0 
6.0 
Table 4.22 Diurnal Range of Road surface and Air Temperatures 
for February 14th 1991 in Rank Order 
Rank 
1 
2 
4 
5 
7 
8 
9 
11 
12 
15 
18 
21 
26 
31 
32 
33 
34 
Site Road Diurnal Rank 
Range (Deg.C) 
Kingsteignton 
Sampford Peverell (S) 
Friars Hele 
West Country Inn 
Slade Cross 
Stopgate Gate 
Culver Bottom 
Halwill Junction 
Haldon Hill 
Sourton Cross A30 
Nether Bridge 
Plympton Bridge 
3 Horse Shoes 
Bratton Down 
Poltimore Bowls 
Pridhamsleigh 
Totnes Cross 
Clyst Honiton 
Sourton Cross A386 
Yollacombe 
Parkway Eggbuckland 
Ebford Manor 
Wellparks 
Roborough 
Cross Farm 
Sampford Peverell 
Marley Head 
Parkway Donington 
Hunters Lodge 
Beaford Moor 
Eggesford 
Whiddon Down 
Yelverton 
Tuelldown 
12.0 
11.5 
11.5 
11.0 
10.5 
10.5 
10.0 
9.5 
9.0 
9.0 
8.5 
8.0 
8.0 
8.0 
7.5 
7.5 
7.5 
7.0 
7.0 
7.0 
6.5 
6.5 
6.5 
6.5 
6.5 
6.0 
6.0 
6.0 
6.0 
6.0 
5.0 
4.5 
4.0 
3.5 
108 
1 
3 
8 
13 
22 
24 
29 
Site Air Diurnal 
Range (Deg. C) 
Poltimore Bowls 
Wellparks 
Sampford Peverell 
Kingsteignton 
Culver Bottom 
Bratton Down 
Clyst Honiton 
Haldon Hill 
Hunters Lodge 
Stopgate Cross 
Friars Hele 
Nether Bridge 
Pridhamsleigh 
Ebford Manor 
Slade Cross 
Tuelldown 
Sourton Cross 
Halwill Junction 
Cross Farm 
West Country Inn 
Yollacombe 
3 Horse Shoes 
Beaford Moor 
Marley Head 
Parkway 
Whiddon Down 
Totnes Cross 
Yelverton 
Plympton Bridge 
Roborough 
3.5 
3.5 
3.0 
3.0 
3.0 
3.0 
2.5 
2.0 
2.0 
2.0 
2.0 
2.0 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1·. 5 
1.5 
1.0 
1.0 
0.5 
0.5 
0.5 
0.5 
0.5 
0.0 
0.0 
Discussion 
To find out whether there was any relationship between the 
diurnal range and minimum road surface temperature a regression 
analysis was carried out. The correlation coefficient R2 for 
each night is shown in Table 4.23, also Spearman's rank 
correlation coefficient R8 is shown to find out whether the 
coldest stations, had the largest diurnal range. The results for 
each night show that the best correlation occurred on February 
4th and 5th, when the correlation coefficient was about 0.6, and 
the rank correlation was about 0.8. On both nights conditions 
were clear in the north and east of the county, and more cloudy 
in the south and west. Therefore on this occasion the stations 
that were clear at night had the lowest road surface temperature 
minimums, and because they were also clear during the day, had 
the highest maximum road surface temperatures, due to greater 
solar radiation. 
Table 4.23 Correlation Coefficient and Spearman's Rank for 
Each Night of the Cold Spell 
Night Correlation Spearman's Rank 
Coefficient Correlation Coefficient 
Feb 1st 0.15 0.31 
Feb 4th 0.59 0.78 
Feb 5th 0.64 0.80 
Feb 6th 0.24 0.40 
Feb 7th 0.34 0.52 
Feb 8th 0.42 0.47 
Feb 9th 0.09 0.31 
Feb lOth 0.10 0.28 
Feb 12th 0.31 0.65 
Feb 13th 0.04 0.16 
Feb 14th 0.00 0.05 
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Spearman' s rank correlation was fairly high on February 
12th, at 0.65, but there was a correlation coefficient of 0.31. 
On this occasion the clearest skies were in South Devon, and so 
these stations were the coldest, and had a greater diurnal range 
than the stations further north, although no linear correlation 
existed. 
On the other nights both correlation coefficients suggested 
that the stations with the largest diurnal ranges did not always 
have the lowest minimum road surface temperatures. The best 
example of where the largest diurnal range and lowest minimum 
road surface temperatures occurred were on calm clear nights at 
the valley stations such as Nether Bridge and Culver Bottom. 
Examples of such nights are February 8th and 9th for Nether 
Bridge and February lOth and 13th for Culver Bottom. On these 
nights Nether Bridge and Culver Bottom had one of the largest 
diurnal ranges. This is because of cold air drainage at night 
causing very low air temperatures, and subsequently low road 
surface temperatures. During the day, surface heating mixes the 
air until an equilibrium is reached, hence a large diurnal range 
in this case is due to it being a locally cold spot overnight. 
On nights such as February 7th and 14th when more cloud and 
wind occurred the lowest road surface temperatures occurred at 
the Road-weather stations situated on high ground, e.g. Whiddon 
Down, Stopgate Cross, Haldon Hill and Bratton Down. These 
stations are cooler because the boundary layer was well mixed, 
leading to a lapse rate in air temperature of approx. 1 deg. 
C/lOOm, rather than by local cooling. The cloud cover reduced 
the longwave radiation lost from the road surface, and so the 
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road surface temperature was influenced more by the turbulent 
transfer of heat from the air. The diurnal ranges at these 
stations therefore, were not among the largest on that day, as 
the diurnal range was influenced more by local cloud cover. · ·'· 
Variation in snow cover across the county was another reason 
for low correlations, as they are important factors affecting the 
diurnal range of road surface temperature. It is difficult to 
tell whether snow has fallen at a site, and how much has fallen. 
Even harder is to tell whether and how much snow has thawed, and 
also if snow has fallen, whether or not the roads have been 
cleared. Snow cover has a profound effect on climate as it can 
enhance cooling at night, and inhibit daytime heating, leading 
to very low air temperatures. However, snow cover on the road 
can restrict the drop in temperature at night and prevent road 
surface temperatures from rising much during the day. 
During this case study snow had fallen in parts of Devon, 
affecting mainly the northern sites, although it was difficult 
to quantify at each individual site. It was estimated that snow 
was present in all parts of Devon except South and West Devon, 
between February 7th and lOth, and persisted in North Devon above 
200m until February 14th. Many of the major routes would have 
been cleared of snow, but some of the minor roads may not have 
been treated. This may well have been the case at Slade Cross 
on the A382, when on February 9th and lOth, a low diurnal range 
occurred, possibly due to uncleared snow. 
The more open sites usually had a greater diurnal range of 
road temperature, especially on sunny occasions. The more closed 
sites can be affected by sheltering, hence the sunshine cannot 
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heat up the 
temperature 
temperature. 
road. Most of the time diurnal range of road 
was greater than the diurnal range of air 
However this was not always the case in cloudy 
weather for example, or areas shaded by the sun, or due to snow 
cover on the road. 
The effect of shading at Parkway Donington produced a mean 
diurnal range in road surface temperature at this station of 1.4 
deg. c lower than Parkway Eggbuckland. No significant difference 
however, in the mean minimum road surface temperatures occurred. 
The effect of traffic density at Sampford Peverell was 
unproven as the slip road had on average of 0.5 deg.C lower road 
temperatures than the main road. This is within the error of the 
road surface temperatures as measured by the sensors. This is 
to be expected as traffic density on the motorway is least at 
night when minimum road surface temperatures occur. 
Figures 4.12 to 4. 14 show how road and air temperatures 
changed over the fourteen day period for three of the stations. 
All three had a similar shape showing the peak period of cold 
from February 6th-10th. Nether Bridge, a valley station had the 
lowest temperatures of the three stations during the peak of the 
cold spell with road surface temperatures down to -9.5°C and air 
temperatures -12°C, showing cold air drainage during calm clear 
conditions. Bratton Down, a good example of a high ground site 
had the lowest road and air temperature minimums of the three 
stations on February 6th, 7th and 14th when the weather was more 
cloudy and windy. 
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Figure 4.12 Minimum Road surface and Air Temperatures from 
February 1st to 14th 1991 for Bratton Down 
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Figure 4.13 Minimum Road surface and Air Temperatures from 
February 1st to 14th 1991 for Nether Bridge 
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Figure 4.14 Minimum Road surface and Air Temperatures from 
February 1st to 14th 1991 for Kingsteignton 
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The graph for Kingsteignton, representing a coastal station 
shows road surface temperature minimums were between 3-4 deg.C 
higher than Nether Bridge and Bratton Down, from February 1st to 
6th, when easterly onshore winds occurred. The difference in 
road surface temperature minimums was less during the rest of the 
period, when winds were offshore suggesting that onshore winds 
had a warming effect at coastal stations. A study of this 
prompted a research paper presented at the 6th International 
Conference on Snow and Ice Removal, in Minneapolis, U. S. A, 
McLean and Wood (1993), and is also discussed in Chapter 5. 
conclusion 
The varying topography of Devon leads to a wide range of road 
surface and air temperatures, under the different weather 
conditions. During calm clear nights the valley sites such as 
Nether Bridge, culver Bottom, Wellparks and Eggesford tended to 
have the lowest road surface minimum temperatures due to cold air 
drainage. On the other hand when nights are cloudy, road surface 
minimum temperatures are lower on the higher sites such as 
Bratton Down, Sourton Cross, Whiddon Down and Stopgate Cross. 
Also, sites close to the coast such as Kingsteignton, Parkway 
Eggbuckland and Plympton Bridge had higher road surface minimum 
temperatures than the other sites, when onshore winds occurred. 
Cloud cover and snowfall which are difficult to forecast, 
often complicated the situation. Diurnal range provided extra 
information about where cloud cover and snowfall occurred on 
occasions, but did not provide any extra information about the 
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microclimate of the various Road-Weather stations. The only 
exception to this was when cold air drainage occurred in valleys 
during calm clear nights. No relationship was found between the 
diurnal range and minimum road surface temperature, the diurnal 
range depended more on the solar heating at each site rather than 
where the. lowest road surface minimum temperatures occurred, 
except again for the cold air drainage conditions in valleys. 
Diurnal range of road temperature is therefore of very limited 
value as an indicator of where the lowest road minimum 
temperatures might occur in Devon on a winter's night. 
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Chapter s 
The coastal Influence on winter Road surface Temperatures in 
the county of Devon 
Introduction 
The main influences on road surface temperature are topography, 
altitude, and coastal proximity, although the urban heat island 
effect can also have a large influence. Millward and Motte 
(1976) have shown the urban effect on air temperature in light 
wind conditions even for the maritime city of Plymouth with a 
population of approximately 250,000. Tabony (1985) described the 
influence of topography on air temperatures, and further research 
by Bogren and Gustavsson (1991) has determined how topography in 
turn has an effect on the road surface temperature. However 
there has been little research into how the coast influences the 
road surface temperature. Gustavsson and Bogren (1990) showed 
that there was a 5 to 6 deg.C difference between the coastal 
strip and inland areas in Sweden. However in this case altitude 
and shelter also had an influence. This chapter investigates the 
coastal influence on road surface temperatures alone. It is 
hypothesised that the warming of coastal roads compared with 
those inland is dependent on the strength of the onshore wind. 
Onshore winds have a warming effect on the roads near the 
coast for two reasons: 
Firstly, the sea surface temperature, typically 11 °C in 
December as mentioned in chapter 1, is often warmer than the land 
during winter nights. During a relatively clear night the 
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landjsea temperature difference can be very pronounced. Synoptic 
scale onshore breezes therefore will replace cooling air with air 
heated from below over the sea, modifying the nocturnal boundary 
layer. Observations from the European Met. Bulletins show that 
when winds reach the South Coast from the continent, the surface 
air has been warmed by the English Channel, by up to 5 deg.C. 
Gustavsson (1990) showed there is a strong correlation between 
road temperature and air temperature. Therefore as the air 
temperatures on the coast are higher when an onshore wind occurs, 
the road surface temperatures will also be warmer, than at 
locations inland. 
Secondly, the wind is stronger over the sea than over land 
as frictional effects reduce the windspeed inland. Also 
radiational cooling inland stabilises the air in the boundary 
layer and therefore the wind speed reduces further. This means 
that an open coastal road will be influenced more by the mixing 
of air than an inland road. 
There are three coastal climate zones, as mentioned in 
chapter 1, which are located on two coastlines 100km apart. In 
North Devon, there is a north-facing coastline which is featured 
by high cliffs. It faces the point where the Bristol Channel 
meets the Atlantic Ocean, and is open to the north and west. In 
South and East Devon, there is a south coast which faces the 
English Channel and has a more varied topography. Most of the 
south coast is exposed to the south and east. 
117 
Air Masses Associated with Onshore Winds 
There are two air masses in Devon which are cold enough for 
minimum road surface temperatures to fall to or below 0°C. The 
first is Polar Maritime with a northwesterly airstream impinging 
the north coast. The other is Polar Continental with easterly 
or south-easterly winds on the south coast. Polar continental 
is often associated with cloudless skies during the night, 
especially in anticyclonic conditions. Polar maritime tends to 
bring convective cloud, which often dissipates inland, bringing 
clearer skies to these areas. An associated ridge will limit 
convection, and so these conditions will produce the clearest 
skies in this air mass. In winter, on occasions when either of· 
these two air masses are present, frost is likely inland under 
clear skies. Therefore these two airstreams were used to study 
the coastal effect on road surface temperature. 
Observations 
There are three coastal road weather stations situated on the 
south coast, Gallows Gate, Kingsteignton and 3 Horse Shoes. The 
two north coastal stations are Bratton Down and West Country Inn. 
Each coastal station was within approximately 15km of the coast 
and was compared with a corresponding inland station, which is 
similar with respect to altitude and exposure. This was done so 
that no differences in road surface temperature occur due to the 
difference in topography of the two stations. Table 5.1 shows 
the coastal stations used and the comparable inland stations with 
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similar altitude and exposure. Yollacombe was also compared with 
West Country Inn on one night as data for Halwill Junction was 
not available. All of these stations can be seen in Figure 5.1. 
The comparisons for each of the stations were made on nights when 
there was a northwesterly or northerly wind, and also on nights 
when there was a southeasterly or easterly wind. 
Table 5.1 Height and Exposure of Coastal stations Used 
Coastal Height Exposure * Inland Height Exposure 
Station (m) Station (m) 
Kingsteignton 24 Open Poltimore Bowls 15 Open 
3 Horse Shoes 169 Open Stopgate cross 253 Open 
Gallows Gate 150 Open Slade Cross 137 P/C 
West Country Inn 198 P/C Halwill Junction 180 P/C 
Yollacombe 150 P/C 
Bratton Down 320 Open Sourton Cross 277 Open 
* P/C is abbreviation for partly closed 
Wind speeds measured at the University of Plymouth were used 
on the appropriate nights so that the influence due to the 
strength of the wind could be compared. The minimum temperatures 
were noted. These were then analyzed to see if there was a 
difference between the coastal stations and inland stations when 
onshore winds occurred. 
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All the minimum road surface and air temperatures for each 
station are shown for each occasion that suitable days occurred, 
Table 5.2 shows the observations during easterly airstreams and 
Table 5.4 shows the observations for the northerly airstreams. 
A summary of the synoptic conditions is shown in Table 5.3 on the 
easterly occasions, and in Table 5.5 for the northerly occasions. 
Figures 5. 2 to 5. 5 show ~nland temperatures plotted against 
coastal temperatures so that an estimation can be made as to what 
influence the coast has on the road and air temperature, the 
solid diagonal line representing a 1 : 1 correspondence between 
coastal temperature and inland minimum road surface temperature. 
Figure 5. 6 shows the effect of the wind speed on the coastal-
inland temperature difference. 
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Table 5.2 Some Observations for Easterly Airstreams 
Coastal Inland 
Min Temp. (°C) Min Temp. (°C) 
Wind (m/s) Date Station Road Air Station Road Air 
0-2.5 12/12/91 
14/12/91 
15/01/92 
2.5-5 11/12/91 
23/01/92 
31/01/92 
5-7.5 07/02/91 
08/02/91 
Ki 
3HS 
GG 
Ki 
3HS 
GG 
Ki 
3HS 
GG 
Ki 
3HS 
GG 
Ki 
3HS 
GG 
Ki 
3HS 
GG 
Ki 
3HS 
Ki 
3HS 
-2.5 
-4.0 
-2.0 
-1.5 
-2.5 
-0.5 
5.5 
3.5 
4.5 
0.0 
-3.5 
0.5 
-1.0 
-3.0 
-0.5 
0.5 
-1.5 
1.5 
-4.0 
-3.5 
-2.0 
-3.5 
2.5 
2.5 
5.0 
3.0 
4.0 
-1.0 
-3.0 
-1.0 
-1.5 
-3.0 
-0.5 
-0.5 
-1.5 
1.5 
-5.5 -5.0 
-8.5 -7.0 
-6.5 -7.0 
-6.0 -4.5 
Ki = Kingsteignton, 3HS = 3 Horse Shoes, GG 
PB 
St 
Sl 
PB 
St 
Sl 
PB 
st 
Sl 
PB 
st 
Sl 
PB 
St 
Sl 
PB 
St 
Sl 
PB 
St 
PB 
St 
-4.5 
-5.0 
-4.0 
-2.0 
-2.0 
-2.5 
5.0 
3.0 
4.0 
-1.5 
-4.0 
-1.0 
-2.0 
-4.5 
-2.5 
-1.0 
-2.0 
-1.0 
-6.5 
-3.0 
-5.0 
-4.0 
3.5 
-0.5 
4.0 
2.5 
3.0 
-3.0 
-3.0 
-2.5 
-2.5 
-2.5 
-1.5 
-2.5 
-2.5 
-1.0 
-5.5 -5.5 
-7.5 -7.5 
-8.0 -9.5 
-7.5 -5.5 
Gallows Gate 
PB = Poltimore Bowls, St = Stopgate Cross, Sl = Slade Cross 
Table 5.3 synoptic Conditions During Easterly Occasions 
Date 
07/02/91 
08/02/91 
11/12/91 
12/12/91 
14/12/91 
15/01/92 
23/01/92 
Pressure Pattern 
Anticyclonic 
Cyclonic 
Anticyclonic 
Anticyclonic 
Anticyclonic 
Anticyclonic 
Anticyclonic 
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Wind 
Velocity 
5 m/s NE 
6 m/s NE 
4 m/s E-NE 
1 m/s E 
4 m/s E 
3 m/s SE 
2 m/s E 
Weather Conditions 
Mainly clear 
Clear, snow in east 
Mostly clear 
Mostly clear 
Partly cloudy 
Partly cloudy 
Clear, mist 
Table 5.4 some Observations for Northerly Airstreams 
Coastal Inland 
Min Temp. (QC) M in Temp. (QC) 
Wind (m/s) Date Station Road Air Station Road Air 
0-2.5 05/02/91 WCI -4.0 -4.0 HJ -4.0 -4.0 
BD -4.5 -3.0 se -3.5 -3.0 
02/02/92 WCI 3.0 2.0 HJ 2.0 -0.5 
BD -1.0 -1.5 se -3.0 -2.5 
09/03/92 WCI 0.5 0.5 HJ 0.5 -0.5 
BD 0.0 -1.0 se 1.0 3.0 
2.5-5 10/02/91 WCI -3.5 -2.0 HJ 0.5 -0.5 
BD -4.5 -2.0 se -5.5 -4.0 
09/11/91 WCI 4.0 6.0 Yo 2.0 6.0 
BD 4.0 4.5 se 2.5 4.5 
27/03/92 WCI 2.5 2.5 HJ 1.0 3.5 
BD 1.5 1.5 se 1.5 3.0 
5-7.5 13/02/92 WCI -4.5 -3.5 HJ -5.0 -5.0 
BD -5.5 -1.5 se -6.0 -4.5 
28/03/92 WCI 2.0 4.5 29 2.0 4.0 
BD 2.0 2.5 26 1.0 3.0 
WCI = West Country Inn, BD = Bratton Down, HJ = Halwill Junction 
se = Sourton Cross, Yo = Yollacombe 
Table 5.5 Synoptic Conditions During Northerly occasions 
Wind 
Date Pressure Pattern Velocity Weather Conditions 
05/02/91 Anticyclonic 2 m;s N-NE Partly cloudy 
10/02/91 Cyclonic 3 m;s N Mostly clear 
13/02/91 Anticyclonic 5 m;s N-NE Clear 
09/11/91 Cyclonic 3 m;s NW Partly cloudy 
02/02/92 Anticyclonic 1 m;s N-NE Mostly cloudy, misty 
09/03/92 Anticyclonic 1 m/s N-NE Partly cloudy 
27/03/92 Anticyclonic 4 m/s N Partly cloudy 
28/03/93 Anticyclonic 6 m/s N Partly cloudy 
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Figure 5.3 coastal Air Temperature Against Inland Air 
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Discussion 
Referring to Figures 5.2 to 5.5 the it can be seen that almost 
all the data points lie below the line representing 1 1 
correspondence between coastal and inland minimum road surface 
temperature. This suggests that onshore winds are leading to 
higher coastal road surface temperatures compared with inland. 
A linear regression was carried out on the points to examine 
whether, given the coastal minimum road temperature, the inland 
minimum road temperature could be reliably estimated. 
value on a scale of 0 to 1 gives a measure of the reliability. 
An R2 value of 0.81 or better occurs in all cases as can be seen 
from Table 5.7. 
The equation for linear regression for Figure 5.2 was 
Inland Temp. = -1.20 + 0.93 Coastal Temp. (5.1) 
(Temperatures in degrees Celsius) 
The equation for linear regression for Figure 5.4 was 
Inland Temp. = -1.21 + 0.81 Coastal Temp. (5.2) 
Table 5.6 Results from the Regression Analysis of Each Graph 
Graph Wind Dir Temp. R2 Standard Error Coeff. Constant 
y est. coeff. 
Fig. 5.2 Easterly Road 0.93 0.89 0.06 0.93 -1.20 
Fig. 5.3 Easterly Air 0.89 1.16 0.08 0.99 -1.15 
Fig. 5.4 Northerly Road 0.92 1. 37 0.10 0.81 -1.21 
Fig. 5.5 Northerly Air 0.81 1. 78 0.15 1. 05 -0.80 
The standard error for the estimate of inland road minimum 
surface temperature during easterly winds is less than 1 deg.C 
126 
but was intuitively thought to depend on windspeed. A relatively 
light wind meaning little penetration inland and little boundary 
layer mixing at both coastal and inland sites; a relatively 
strong wind would bring efficient boundary layer mixing of both 
inland and coastal sites. These two conditions would show the 
smallest difference, somewhere in between there may be a maximum 
effect of coastal warming. This hypothesis was tested for the 
easterly winds by examining three windspeed categories. The 
average of 22 nights is shown in Figure 5.6 where a smooth curve 
polynomial fit has tentatively been made, acknowledging the 
uncertainty in the points as indicted in Table 5.8. 
Table 5.7 Statistics of the Average coastal-Inland Difference 
in Road Minimum Temperature for 22 Nights 
Wind Category (m/s) 0-2.5 
Average difference (deg.C) 0.83 
Standard deviation (deg.C) 0.42 
2.5-5.0 
1. 39 
0.30 
5.0-7.5 
0.53 
0.57 
A maximum effect of coastal warming is noted at around 4 m/s 
when easterly winds occurred, and it is here that the uncertainty 
is smallest with a standard deviation of 0.30 deg.C. The 
microclimate of the immediate environment is more important at 
lower windspeeds. At windspeeds above 4 mfs, the effect again 
reduces and the altitude of the station becomes the controlling 
factor on minimum surface temperature. 
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Figure 5. 6 Easterly Windspeed Influence and coastal warm:tr,.g 
The road surface temperature deficits at inland station were 
between 0 and 2.5 deg.C. They were up to 2.5 deg.C when the 
onshore wind brought cloud over the sea into the more coastal 
areas, whereas inland, skies remained relatively clear. These 
are the occasions in which temperature deficits were 2.5 deg.C. 
An example of this is on January 31st 1992 between Gallows Gate 
and Slade Cross. There were occasions when the coastal road 
surface temperature was lower than the inland station. This 
occurred on February 7th 1991 when 3 Horse Shoes had a lower road 
surface minimum temperature than Stopgate Cross. On this 
occasion winds were northeasterly, and so were offshore at 3 
Horse Shoes, and so there was no coastal influence. 
When onshore winds occurred on the north coast, although the 
mean average difference in road surface temperature was around 
1 deg. C, this did not vary with windspeed. This was because 
fewer completely clear nights occurred due to the higher 
incidence of convective cloud in this air mass, which reduces net 
loss of longwave radiation inland, when light winds occur. This 
leads to lower road surface temperature differences between 
coastal and inland stations, when the wind is less than 5 mfs. 
Also the road weather stations on the north coast are at 
relatively high altitude. A windier exposure means nocturnal 
cooling was less intense generally than it would be at lower 
altitude stations reducing the difference between coastal and 
inland stations. 
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conclusion 
A warming influence was found to exist on the coastal road 
weather stations when winds were onshore. The hypotheses that 
coastal-inland differences in minimum road surface temperature 
are windspeed dependant was shown to be correct. Examination of 
the data in the wind categories shows that linear regression is 
only reliable for easterly windspeeds between 2.5 and 5 m/s when 
equation 5.1 may be used. 
Although on the north coast a mean warming influence of 
about 1 deg.C occurred on occasions when winds were northerly, 
this was not windspeed dependant and less reliable than the 
effect on the south coast. This is mainly because the stations 
were at a higher altitude and because clear skies were less 
likely in the northerly airstreams. 
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Chapter 6 
The Reaction Times of Road surface Temperatures 
After Cold Air Advection 
Introduction 
Chapters 3 to 5 have established and quantified that the main 
causes for differences in road surface temperature between the 
sites in Devon are topography, height, exposure and proximity to 
coast. However, other factors such as cloud cover and wind speed 
are also known to effect the road surface temperatures as 
mentioned in Chapter 4. There is often a variation in the wind 
speed and cloud cover between the road weather stations, so there 
is a need to understand how the synoptic scale changes in the 
weather affect the road surface temperatures in Devon. Sudden 
air temperature rises will influence the road surface temperature 
as discussed in Gustavsson and Bogren (1990), where they examined 
slipperiness of roads due to warm air advection. This is not 
relevant for the UK, but the more complicated situation after the 
passage of a cold front is of relevance, when a sudden drop in 
air temperature occurs, and clearer skies leads to cooling of a 
wet road surface, and the possibility of icy roads. The 'Open 
Road Forecast' issued by the Met. Office does take into account 
cooling after a cold front but not on a site to site basis. 
The purpose of this chapter is to determine the reaction 
time, defined as the lag in road surface temperatures after a 
drop in air temperature see equation 6.1, of 6 stations in Devon. 
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R = TA - TR (6.1) 
Where R = Reaction Time 
TA = Time at which air temperature starts to fall 
TR = Time at which road surface temperature starts to 
fall 
More importantly for site specific forecasts, the cooling 
of the road surface and air after the cold frontal passage were 
noted to find where the fastest cooling takes place. Roads are 
more often than not wet, so icing at night is a potential hazard. 
The stations where cooling is fastest are the most likely places 
where ice will form. Six stations were chosen according to 
three types of topography and two types of exposure as shown in 
Table 6.1, and Figure 6.1 shows their locations. 
Table 6.1 Topography and Exposure of stations 
Station Height above M.S.L Topography Exposure 
Sourton Cross 277 m Hilltop Open 
Haldon Hill 219 m Hilltop Partly Closed 
Nether Bridge 61 m Valley Open 
Culver Bottom 91 m Valley Closed 
Clyst Honiton 8 m Flat Open 
Ebford Manor 30 m Flat Closed 
A cold front is the boundary between warm air ahead of the 
frontal zone, and cold air behind. The weather ahead of the cold 
front in winter is usually mild and cloudy with drizzle around 
the coast and hills. In this air mass the temperature rarely 
falls below 5°C and often remains around 10°C even at night. 
Therefore, no frost occurs in these conditions. As a cold front 
approaches, the wind usually strengthens and rain often falls, 
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depending on the atmospheric instability along the front. 
Depending on the origin of the air behind the cold front there 
can a sharp drop in air temperature of between 1 and 5 deg.C and 
a marked change from overcast to clear skies. Showers and broken 
cloud may occur behind the cold front, a result of instability 
after a long track over relatively warm sea. However, at night 
radiational cooling inland reduces showery activity away from 
windward coasts, leading to clear skies. 
• 
• 
20 Ita 
Figure 6.1 Locations of Road Weather stations Observed During 
Cold Frontal Passages 
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This surface cooling by loss of longwave radiation during 
clear skies behind the cold front, may lead to icy roads. Under 
clear sky conditions, the reaction time, R, should be zero for 
sites with open exposure. On some occasions cloud cover affects 
R, but it was approximately the same for all sites on the 
occasions studied. For a closed site R might be one or two 
hours. This is because some of the loss of longwave radiation 
would be blocked by obstacles reducing the cooling process. Road 
Weather Stations in Devon have a variety of exposures so there 
is a need to know how soon after the drop in air temperature, the 
road surface temperature starts to fall, and where the quickest 
reaction occurs. Factors which lead to a delay in the drop in 
road surface temperature include topography, exposure and maybe 
the road construction material. As mentioned in Chapter 1 
Thornes and Shao (1991) showed during a sensitivity analysis that 
a 20% variation in road construction material has an 
insignificant effect on the model output, i.e a difference of 
0. 05 deg. C in minimum road surface temperature. Therefore 
differing road construction materials will not be considered. 
Observations were made on four nights when cold fronts 
passed through the region. The synoptic charts are shown in 
Figure 6.2 for each of the three occasions, these refer·to 1200 
GMT before the nights observed. The synoptic conditions for 
these nights are shown in Table 6. 2. Appendix A shows the 
cooling curves for air and road surface temperatures on each of 
the nights. The reaction times were extracted from them and are 
shown in Table 6.3 along with the cooling of air and road surface 
temperatures in 5 hours, for each station. 
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case studies 
_27' - -~ ~-- ·. ,-· ·-:; .. --~. 
February 27th 1992 March 1st 1992 
January 7th 1993 February 18th 1993 
Figure 6.2 synoptic Charts at 1200 GMT from Weather Log 
Before Each Night Observed 
Night 
Feb 27 92 
Mar 1 92 
Jan 7 93 
Feb 18 93 
Table 6.2 synoptic conditions for Each Night 
Arrival Time 
Of Cold Front 
0000-0200 
1700-1900 
2100-2300 
2100-2300 
Wind 
Speed (mjs) 
4 
2 . 5 
5 
4 
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Weather 
Before After 
Cloudy Cloud 
Cloudy Clear 
Cloudy Cloud 
Cloudy Cloud 
<3/8 
4/8 
4/8 
Table 6.3 Reaction Time and Change in Air and Road surface 
Temperature s Hours After the onset of Cold Air Advection 
Road Reaction Cooling in 5 Hrs 
Date Station Condition Time Air Temp. :R:a::l 'II:!lp. 
(Hrs) (Deg.C) 
Feb 27 92 Sourton Cross Wet 2 2.5 3.5 
Haldon Hill Wet 1 2.0 3.0 
Nether Bridge Wet 0 5.0 3.5 
Culver Bottom Wet 0 4.0 4.5 
Clyst Honiton Wet 1 4.5 6.5 
Ebford Manor Wet 1 4.5 4.5 
Mar 1 92 Sourton Cross Wet 0 4.5 7.5 
Haldon Hill Wet 1.5 3.0 4.0 
Nether Bridge Wet 0 5.0 9.5 
Culver Bottom Wet 1.5 4.5 6.0 
Clyst Honiton Wet 0 4.0 5.0 
Ebford Manor Wet 1 4.0 4.0 
Jan 7 93 Sourton Cross Wet 0 4.5 5.5 
Haldon Hill Wet 0 5.0 6.0 
Nether Bridge Wet 0 4.5 4.5 
Culver Bottom Wet 2 4.0 2.5 
Clyst Honiton Wet 1 5.0 5.5 
Ebford Manor Wet 0 5.5 5.0 
Feb 18 93 Sourton Cross Dry 1 2.5 2.5 
Haldon Hill Dry 1 2.5 2.0 
Nether Bridge Dry 0 2.5 2.5 
Culver Bottom Dry 0 3.0 2.5 
Clyst Honiton Dry 0 2.0 2.0 
Ebford Manor Dry 0 2.0 2.0 
Observations 
The reaction time varied on each of the nights. When partly 
cloudy skies followed the passage of a cold front, i.e. January 
7th 1993 February 18th 1993, there was little variation between 
the open and closed sites. Only on March 1st 1992 when clear 
skies followed after the cold front and winds were light, a 
noticeable difference occurred in the reaction time between the 
open and closed sites, with the closed sites taking time to 
respond. The open sites of Sourton Cross, Nether Bridge, and 
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Clyst Honiton showed a zero reaction time on March 1/2. This is 
probably due to more net longwave loss from the road surface at 
open sites. At the closed sites the surrounding objects re-emit 
longwave radiation back to the road surface. In each case the 
road surface temperature responded to the passage of the cold 
front, i.e cloud and air temperature conditions, although in some 
cases there was a delayed reaction. The timing of cloud 
clearance can often vary considerably between the stations in a 
county the size of Devon. Any wind difference would be due to 
exposure. 
On Mar 1/2 when the skies cleared and winds were light, the 
road surface temperature decreased faster than the air 
temperature, as can been seen in Figures A.7-12 in Appendix A. 
This is because loss of longwave radiation, as well as cooling 
by contact with the cold air, influences the road surface under 
these conditions. Also in the valley stations cold air drainage 
was an influence which enhanced the cooling. It should be noted 
though that on Mar 1/2 the cold front clearance occurred in the 
late afternoon, and so the road temperature decrease was greater 
in 5 hours as seen in Figure A.3 due to the sun initially heating 
the road surface. 
On Feb 18/19 1993, although the cold frontal passage was 
noticeable, skies were partly cloudy and winds were moderate 
behind the front. Therefore both the air and road surface 
temperature decrease in 5 hours was smaller than in the other 
cases. Also there was no variation in the decrease in both road 
and air temperature at the different stations, as shown in 
Figures A.19-24 in Appendix A. This may have been because the 
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road was initially dry and therefore no evaporation of the road 
surface took place, allowing the air and road surface to cool at 
an equal rate. On this occasion the lowest minimum temperatures 
were on the hilltops. 
In the other two cases the conditions were in between the 
two more extreme cases above. This led to road surface 
temperatures decreasing quicker than the air temperatures, 
especially at the open sites although varied cloud cover over the 
different sites may have been an important factor in the 
variation in the measurements. Figure 6.3 shows the average drop 
in road surface and air temperature for each of the stations. 
The two closed stations at Cul~er Bottom and Ebford Manor are 
very similar in that the road and air temperature decrease in 5 
hours is about the same. However the decrease in road surface 
temperature is greater than that of the air temperatures at the 
open stations. 
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Conclusion 
Data from the road weather stations clearly show the expected 
fall in both air and road surface temperature behind a cold 
front. When there are clear conditions and light winds a drop 
in air and road surface temperature of about 4-6 °C in 5 hours 
occurred at the open sites and reaction times were zero. In a 
valley, further cooling by katabatic drainage occurs, and so it 
is here where there is the greatest risk of freezing of wet 
roads. At the closed sites the reaction time which is greatest 
in calm clear conditions leads to slightly higher minimum road 
surface temperatures. Therefore it is the open stations that are 
early indicators of the possibility of icy roads under this 
synoptic condition and so should be used as forecasting stations. 
Sourton Cross and Nether Bridge are open sites where icing may 
occur if the starting surface temperature is within 5 degrees of 
zero celsius in winter. 
If the conditions behind the front are windy with variable 
cloud cover, which is often the case, then complications occur. 
Often the delay in cooling of the road surface compared to the 
air may be due more 
exposure. On these 
to cloud cover than the topography and 
occasions the road surface temperature 
decrease is often less, and therefore icy roads are less likely. 
However they may occur, and are more likely on hilltops. 
Icy roads in Sweden caused by warm air advection are most 
likely to occur at open sites as shown by Gustavsson and Bogren 
(1990). This chapter shows that under clear skies, sites where 
road surface temperatures cool quicker, i.e. valleys and open 
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sites, are the most likely to be affected by cold air advection. 
It should be noted however that the case of warm air advection 
is simpler, as spatial variation in cloud cover is less of a 
problem at the warm front. 
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Chapter 7 
Retrospective Forecasting of Road Surface Minimum Temperatures 
Using satellite Images for Cloud Inputs 
Introduction 
Improvements have been made in recent years to the 'Open Road' 
forecast in Devon issued by the UK Met. Office. One of the 
largest problems has been prediction of cloud. The earlier 
chapters show how various microclimates react under certain 
synoptic conditions. Again predictability of cloud has been the 
major problem during the nights observed. An aid to this problem 
is to use hourly satellite images to predict future cloud inputs. 
This chapter tests whether satellite images are a useful guide 
to cloud amount in Devon, by retrospectively forecasting road 
surface temperature using the satellite data as cloud inputs. 
A surface energy balance model has been used at the 
University of Plymouth, to find ways to improve the forecasting 
of road surface temperatures in Devon. It is based on the Myrup 
and Outcalt model described in chapter 2. The inputs into the 
model include: declination and orbital radius vector of the sun, 
air temperature, wet-bulb temperature, road depth temperature, 
windspeed, road surface condition, and cloud amount and height. 
The model assumes that the initial road surface temperature is 
equal to the air temperature, before iteratively estimating the 
road surface 
obtained, as 
temperature until a surface 
shown in Figure 7 .1. Then 
energy balance is 
the road surface 
temperature is estimated every hour, for 24 hours to produce a 
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cooling curve. 
Read 
Constants 
Read 
Data File 
Write SURF. 
TEMP. etc. 
fluxes "HAL" 
{Vapour pressure 
calc. {Road damping depth 
{Air damping depth 
{Exchange coefficient 
;T+T+lSOI 
Start ITERATION 
First time: 
RST Surf.tem 
fcalculate 
l 
. 
net 1ongwave 
net radiation 
!
Introduce lag in sub-surface 
heat flux and calculate 
t 
Correct EXCO f or 
stability and calc. 
sensible heat flux 
-Calculate humidity I FUNCTION ' ~--~---~gradient and latent~ Q 
heat f lux 
Figure 7.1 Surface Climate simulator 
The University model has s ome modifications to the Outcalt 
and Myrup model, which includes an input for the road surface 
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condition, i.e. 0.0 = dry and 1.0 = wet. A wet road.assumes 
evaporation of 1rnrn of surface water, before the road is dry. 
Another modification includes inputs taking into account cloud 
amount and height according to Wood's (1978) and Thornes' (1983) 
cloud factors which are shown in Table 7 .1. Dplus represents the 
enhancement of diffuse solar radiation received at the surface 
and Kcloud represents the reduction in net longwave loss of 
radiation in the presence of cloud. 
Table 7.1 Cloud Adjustment Factors to Enable Calculation of 
Net Radiation Under Clear Skies 
with Differing Cloud cover and Type 
·. 
Clear 1-2 Oktaa J-5 Oktaa 6-7 OktU Overeaat 
Low Med. High !.ow Med. High Low Ked. High 
Albedo o.o 0.2 0.1 0.05 0.5 0.3 O.l 0.9 0.9 0.3 1.0 
Dplua o.s 0.6 o.o 0.5 0.8 0.8 0.5 1.0 1.3 0.6 1.0 
Kcloud 1.0 0.87 0.91 0.96 0.58 0.72 0.86 0.32 0.54 0.78 same a a 
Oktae 
6 
The cloud inputs are determined using hourly METEOSAT images 
received by a Dartcom receiver, backed up by NOAA images which 
have a higher resolution. This allowed the cloud amount to be 
estimated at a particular location. The brightness of the cloud 
on the satellite infra-red image, is an indication as to the 
temperature of the cloud, and hence the height of the cloud. 
Therefore by using the brightness levels shown in Table 7.2 and 
observation, an estimation was made as to whether the cloud layer 
was low, medium or high. 
Table 7.2 Brightness Levels on Infra-red Images 
(Scale o to 255, confidence to ± 10) 
Low 
100-110 
Cloud Height 
Medium 
111-155 
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High 
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Retrospective Forecasting for Clear Nights 
At first the model was tested for two clear nights with data from 
Haldon Hill. This site was chosen as it was fairly exposed, 
allowing no obstruction to incoming shortwave radiation during 
the day and net longwave radiation at night. Forecasting was 
carried out for November 20th 1991 and January 31st 1993. 
Figures 7.2 and 7.3 show how the forecast road surface 
temperatures compared with the measured road surface 
temperatures. The main problem concerned the inadequate 
parameterisation of temperature lag in the model and so maximum 
forecast road surface temperatures occur two hours before the 
maximum measured road surface temperature. To overcome this the 
following adjustments were made: 
1. As the maximum air temperature seemed to occur at 1400 GMT 
rather than 1200 GMT as the model assumed, the starting time was 
changed to 1400 GMT. 
2. The observed road surface temperature was used as initial 
surface temperature for the iteration. 
Data Inputs for Haldon Hill at 1200 GMT November 20th 1991 
Air Temperature 
Wet-bulb Temperature 
Depth Temperature : 
Windspeed : 
Road Surface Condition 
5.0°C 
2. 5°C 
5.0°C 
75 cmfs 
Dry 
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Data Inputs for Haldon Hill at 1200 GMT January 31st 1992 
Air Temperature 
Wet-bulb Temperature 
Depth Temperature : 
Windspeed : 
Road Surface Condition 
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Figure 7.2 Forecast Road surface Temperature curve 
for Haldon Hill on November 20th 1991 
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Figure 7.3 Forecast Road surface Temperature curve 
for Haldon Hill on January 31st 1993 
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When these adjustments had been made to the model, the data 
at 1400 GMT were entered and the model was tested again. As can 
be seen from Figures 7.4 and 7.5, there is an improvement in the 
forecast road surface temperature curve. The forecast minimum 
road surface temperature is within 0.5 deg.C of the measured 
value. 
However, even with this improved adjustment the initial 
forecast road surface temperature was still below the measured 
road surface temperature. This leads to a pessimistic forecast 
and means that the time at which 0°C was predicted was a few 
hours too early. This was especially noticeable in the second 
case as can be seen in Figure 7.5. Another factor that may have 
caused this is that skies were assumed to be clear. Scattered 
cumulus clouds formed during the day, and before dissipating at 
night could have reduced some of the longwave radiation lost from 
the surface, resulting in a slower cooling of the road surface 
than predicted. Perfect prognosis is not possible because of 
complications with scattered clouds, which highlights the need 
for cloud parameterisation. The Met. Office forecast curve was 
also shown in Figure 7.5, and shows that temperatures were lower 
than expected. This was because more cloud was expected, and 
instead clear skies occurred. The Met. Office forecast was 
updated later in the day, but the results are not available. 
Data Inputs for Haldon Hill at 1400 GMT November 20th 1991 
Air Temperature 
Wet-bulb Temperature 
Depth Temperature : 
Road Surface Temperature 
Windspeed : 
Road Surface Condition : 
6.0°C 
3.0°C 
5.0°C 
11.5°C 
75 cmfs 
Dry 
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Data Inputs for Haldon Hill at 1400 GMT January 31st 1992 
Air Temperature : 
Wet-bulb Temperature 
Depth Temperature : 
Road Surface Temperature 
Windspeed : 
Road Surface Condition 
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Figure 7.4 Forecast Road surface Temperature curve 
for Haldon Hill on November 20th 1991 
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Figure 7.5 Forecast Road surface Temperature curve 
for Haldon Hill on January 31st 1993 
After Alterations to Model 
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Retrospective Forecasting Using Satellite Images for Entering 
Cloud Inputs into the Model 
Two nights were then used for retrospective forecasting to test 
the model using cloud factors. This was carried out by archiving 
16 hourly satellite images, where cloud amount was estimated 
during the course of the night. Cloud height was estimated by 
using the brightness levels as explained earlier and by 
observation. The quality of the satellite images shown in 
Figures 7.6 and 7.7 are poor due to compression and archiving but 
are clearer when viewed in Real-time. Figures 7.8 and 7.9 show 
the results for February 23rd and March 9th 1993 respectively. 
February 23rd 1993 
Figure 7.6 shows the satellite images for the night of February 
23/24 from 1600 GMT to 0700 GMT, taken at hourly intervals. At 
1600 GMT a scattering of cloud can be seen with many holes, so 
an estimation of half cloud cover can be made. Cloud can be seen 
to be approaching from the east, and covers the area by 2100 GMT. 
The cloud is estimated to be at medium level from the 
brightness of 125 in the satellite image. After midnight some 
holes appear in the cloud sheet, and as seen from Figure 7.8, 
caused the measured road temperature to drop to around 2°C. The 
cloud factors were entered into the model according to the 
observations and the results can be seen in Figure 7.8 compared 
to the measured values and the Met. Office forecast. The 
forecast minimum road surface temperature is within 0.5 deg.C of 
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the measured value. However, for some of the time the forecast 
road surface temperature is over 1.0 deg.C above the measured 
temperature. This error is due to a too high value of sub-
surface temperature, such that upward sub-surface heat flux 
continues after total cloud cover. The Met. Office forecast was 
pessimistic as more cloud occurred than they initially estimated. 
The Met. Office forecast was updated later in the day. The cloud 
observations taken at Plymouth Weather Centre through the night 
are shown in Table 7.3 for a comparison. These agree with the 
values entered for Haldon Hill, although because Plymouth is 
further west the cloud reached there later. 
Table 7.3 Cloud Observations from the Plymouth Weather centre 
23 February 1993 1200-1200 GMT 
Time Total Cloud Cloud Type and Height 
(GMT) (Oktas) (feet) 
1200 4 Cu 2800 
1300 2 Cu 2800 
1400 1 Cu 3000 Se 3500 
1500 1 Cu 3000 Se 3500 
1600 1 Cu 3000 Se 3500 
1700 1 Se 3500 
1800 1 Cu 2500 Ci 25000 
1900 1 Ci 25000 
2000 Clear 
2100 Clear 
2200 3 Se 6000 
2300 6 Se 6000 
0000 6 se 6000 
0100 6 Se 6000 
0200 7 Se 6000 
0300 7 Se 6000 
0400 6 Se 6000 
0500 5 Se 6000 
0600 4 Se 7000 
0700 6 Se 6000 
0800 5 Se 3000 + 5000 
0900 5 Se 3000 + 6000 
1000 6 Se 3000 + 5000 
1100 7 Cu 1500 Se 3000 + 5000 
1200 7 Cu 1500 Se 3000 + 5000 
Se = Stratocumulus Cu = Cumulus Ci = Cirrus 
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Inputs for Haldon Hill at 1400 GMT February 23rd 1993 
Air Temperature : 
Wet-bulb Temperature 
Depth Temperature : 
Road Surface Temperature 
Windspeed : 
Road Surface 
Cloud Inputs 
Condition : 
1400-2000 
0000-0900 
7.0°C 
4.5°C 
7.0°C 
13.5°C 
50 cmjs 
Wet 
3-5 oktas Low, 2000-0000 8/8 Med 
6-7 oktas Med 
Figure 7.6 Hourly METEOSAT Images from 1600 GMT to 0700 GMT 
on the Night February 23rd 
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March 9th 1993 
Figure 7.7 shows the 16 hourly satellite images for the night of 
March 9/10 from 1600 GMT to 0700 GMT. The cloud amount is 
scattered in the first image, and skies are quite clear. 
However, this time frontal cloud approaches from the west and is 
estimated to cover the area by around 2200 GMT. The cloud 
begins to break around 0600 GMT, but the night time period 
remained cloudy. The brightness of 140 showed medium level 
cloud, but the frontal cloud was multi-layered and so low cloud 
existed underneath the medium level cloud sheet. Figure 7. 9 
shows the model results based on the estimations compared to the 
measured temperatures. The forecast road surface temperature is 
within 0. 5 deg. C of the measured temperature for most of the 
night. This is probably because after total cloud cover 
occurred at 2200 GMT, this remained throughout the night. 
Comparisons could not be made between the forecast and measured 
temperature during the cooling period of late afternoon and early 
evening as the measured temperatures were not available. 
Data Inputs for Haldon Hill on March 9th 1993 
Air Temperature 
Wet-bulb Temperature 
Depth Temperature : 
Road Surface Temperature 
Windspeed : 
Road Surface 
Cloud Inputs 
Condition : 
1400-2200 
0600-0900 
7.0°C 
4.5°C 
7.0°C 
14.5°C 
75 cm/s 
Dry 
3 to 5 oktas Low, 2200-0600 8/8 Low 
6 to 7 oktas Low 
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Figure 7 .7 Hourly METEOSAT Images from 1600 GMT to 0 7 00 GMT on 
the Night March 9th 
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Figure 7.8 Forecast Road surface Temperature curve 
for Hal~oD Hill OD February 23rd 1993 
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Figure 7.9 Forecast Road surface Temperature curve 
for HaldoD Hill OD March 9th 1993 
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Conclusion 
Geostationary satellite images are a useful tool when estimating 
cloud cover for a spatial scale of lOOkm. However, road surface 
temperature forecasts are only improved when large areas of cloud 
occur. When there are scattered cumulus or when cloud breaks 
occur, limited resolution means the exact cloud amount cannot be 
estimated accurately, as can be seen for the February 23rd 
forecast. Cloud may also develop or dissipate and hourly images 
may not give a true representation of cloud amount for the whole 
hour. 
Even with these restrictions, satellite images may still be 
an aid for real time forecasting, this is discussed in chapter 
9. Large cloud sheets that appear to be moving towards the 
region can be seen on satellite images. Therefore, the speed of 
the cloud mass and the time at which the cloud covers the area 
can be estimated. Often in Devon, whether or not ice occurs on 
the road is marginal, and so knowing where and when stratiform 
cloud will occur will potentially keep the difference between 
forecast and measured road surface temperature to 0.5 deg.C for 
an exposed site. 
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chapter 8 
Verification of Forecast Sites for Two Climatic Regions of 
Devon and Forecasting Road Surface Minimum Temperatures for 
Valley and Coastal Sites by Variation of Surface Climate Model 
Inputs 
Introduction 
This chapter investigates whether two of the forecasting 
stations, are the most suitable in their climate zone, or whether 
other stations should be used. This chapter also examines how 
alteration of certain inputs in the surface climate model can 
account for cold air drainage in valleys, on calm clear nights, 
and coastal warming when onshore winds occur. An estimate can 
then be made of the minimum road surface temperatures at such 
sites. 
Choosing stations as forecasting sites is a critical part 
of road temperature forecasting on a county wide scale. Ideally 
forecasting stations should be the sites that are not influenced 
by local external parameters such as cold air drainage or warm 
advection due to proximity of the coast. Therefore the 
forecasting stations should be flat and fairly open, at least 
10km from the coast, and outside urban areas. As mentioned in 
chapter 1 Devon can be split into certain climatological regions 
which are shown in Figure 8.1. One road weather station for each 
region is being used as a forecasting station, as shown in Table 
8.1. Devon County Council were happy with most of the 
forecasting stations in the county. However they were unsure 
156 
whether Roborough, being an urban station was representative of 
South Devon, and whether Cross Farm was a suitable forecasting 
station. Therefore both stations were compared to another 
station, of similar topography and exposure, in their climate 
zone. 
JQ ..... 
<v--~ 
I ,_ 
MID DEVON EAST DEVON 
SOUTH DEVON 
• 
Figure 8.1 Climatic Zones In Devon 
Table 8.1 Forecasting Station Used for Each Climatic Zone 
Climatic Zone 
South Devon 
West Devon 
Dartmoor 
North Devon 
Mid Devon 
East Devon 
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Forecasting Station 
Roborough 
Cross Farm 
Sourton Cross 
Bratton Down 
Haldon Hill 
Stopgate Cross 
From the earlier research, cold air drainage has been found 
to occur in valleys, on particularly calm clear nights. Also 
coastal sites tend to be warmer than inland sites when there is 
an onshore breeze, more especially on clear nights, when loss of 
net terrestrial longwave radiation is greatest, and the lowest 
temperatures occur. A three-dimensional model with physical and 
dynamical processes included in a valley or coastal site might 
improve the prediction of minimum road surface temperatures. 
However, the data observation network would prove costly, and the 
parameterisation schemes for the dynamical processes on scales 
of 10 km and less are at present inadequate. Therefore, a 
retrospective forecast was made at two valley sites and a coastal 
site, by adjusting some of the model inputs in order to predict 
the minimum road surface temperature to within 0.5 deg.C of the 
measured values. 
Verification of Roborough and Cross Farm as Forecasting Bites 
Table 3.15, in chapter 3 shows the topography for Cross Farm and 
Roborough. Cross Farm is in a slight valley, whereas Roborough 
is situated on flat terrain. As mentioned above, the best places 
for forecasting stations are places which are fairly open (both 
stations reach this criterion), and are not greatly affected by 
external influences. Cross Farm, being in a valley, could be 
affected by cold air drainage, and Roborough may be influenced 
by warm air advection from the sea, and its proximity to the 
urban environment of Plymouth. Therefore these stations were 
compared to two other stations, in the same climate zone. 
158 
Cross Farm, in West Devon was compared to Halwill Junction, 
which as shown in Table 3.15 is on flat terrain which is partly 
closed. Roborough, in South Devon, was compared with Totnes 
Cross which is similar to Roborough with respect to topography 
and exposure. The night used for the comparison between Cross 
Farm and Halwill Junction was March 18th 1994. This was a mainly 
clear night with light winds, and so if any measurable cold air 
drainage occurred at Cross Farm, this would be noticed. 
Input Data for Cross Farm 
Air Temperature 
Wet-bulb Temperature 
Depth Temperature 
Road Temperature 
Road Condition 
Windspeed 
Cloud Inputs 1400-1800 
10. oac 
s.oac 
11. sac 
15.5aC 
Wet 
50 cmjs 
8/8 Med, 
Input Data for Halwill June. 
Air Temperature 
Wet-bulb Temperature 
Depth Temperature 
Road Temperature 
Road Condition 
1800-1400 Clear 
10.oac 
8.oac 
11. sac 
15.5aC 
Wet 
The night used for Roborough and Totnes Cross was December 13th 
1991. This night was mainly clear with about 2 oktas of cloud. 
The wind was also from the southeast and so was onshore on the 
south coast. 
Input Data for Roborough 
Air Temperature 
Wet-bulb Temperature 
Depth Temperature 
Road Temperature 
Road Condition 
Windspeed 
Cloud Inputs 1400-1800 
1800-2100 
2100-0500 
0500-1400 
8. sac 
6.5ac 
s.sac 
11.5aC 
Dry 
40 cmjs 
2/8 Low 
4/8 Low 
2/8 Low 
2/8 Low 
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Input Data for Totnes Cross 
Air Temperature 6.5aC 
Wet-bulb Temperature 6.0aC 
Depth Temperature 5.5aC 
Road Temperature 9.5aC 
Road Condition Dry 
Windspeed 40 cm.js 
Cloud Inputs 1400-0900 2/8 Low 
0900-1400 4/8 Low 
Discussion 
The Forecast minimum road surface temperatures for Cross Farm and 
Halwill Junction in Figure 8.2 and 8.3 were both within 0.5 deg.C 
of the measured minimum road surface temperature. Any cold air 
drainage therefore, at Cross Farm is slight, and does not affect 
the forecast to any measurable degree. This is probably because 
Cross Farm is situated in a slight valley, unlike stations such 
as Culver Bottom or Nether Bridge, which are in fairly deep 
valleys. 
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Figure 8.2 Forecast Road surface Temperature curve for 
cross Farm on March 18th 1993 
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Figure 8.3 Forecast Road surface Temperature curve for 
Halwill Junction on March 18th 1993 
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Roborough had a slightly better forecast minimum temperature 
than Totnes Cross as shown in Figures 8.4 and 8.5. Both forecast 
curves were cooler than the measured values for the first half 
of the night. A coastal influence may occur at Roborough but 
this is slight compared to sites like Gallows Gate and 
Kingsteignton which are within 5 km of the coast. Also, much of 
the climate zone of South Devon is influenced by its proximity 
to the south coast, so Roborough in this respect is still fairly 
representative for that area. 
The inaccuracy of the forecast for Totnes Cross referring 
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to Figure 8.5, compared to the measured temperature may be due 
to low air temperatures. A lower air temperature than might be 
expected has been observed on a number of days, which may make 
forecasting at this site difficult. The coastal influence would 
be unlikely to affect Totnes Cross any more than Roborough. The 
topography may also influence the road surface temperatures at 
Totnes Cross as it is in a slight valley and has a poor exposure, 
although Devon County Council are resiting this station. 
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Figure 8.4 Forecast Road surface Temperature curve for 
Roborough on December 13th 1991 
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Forecasting Road Surface Temperatures in Valley and Coastal Sites 
by Altering Model Inputs 
The two best examples of valley stations in Devon are Culver 
Bottom, situated in a deep narrow valley, and Nether Bridge, 
situated in a deep wide valley. Although cold air drainage 
occurs at Culver Bottom on calm clear nights, the best examples 
are at Nether Bridge, which often has the coldest minimum road 
surface temperature, during such conditions. The night used to 
forecast the road surface temperatures was November 20th 1991. 
On this occasion skies were clear with light winds, ideal for 
cold air drainage in valleys. The inputs for both stations can 
be seen below, and Figures 8. 6 and 8.7 show the forecast road 
surface temperature curve for both stations. 
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surface temperature curve for both stations. 
Inputs for Nether Bridge 
Air Temperature 
Wet-bulb Temperature 
Depth Temperature 
Road Temperature 
Road Condition 
Windspeed 
Cloud Inputs 1400-1800 
7.5°C 
4.0°C 
6.5°C 
11. 0°C 
Dry 
75 cmjs 
8/8 High, 
Inputs for Culver Bottom 
Air Temperature 
Wet-bulb Temperature 
Depth Temperature 
Road Temperature 
Road Condition 
Windspeed 
1800-1400 Clear 
7. 0°C 
4.0°C 
6.5°C 
9.0°C 
Dry 
75 cmjs 
Figures 8.6 and 8.7 show the forecast road surface temperatures 
were higher than the measured temperatures for both Nether Bridge 
and Culver Bottom. On this night cold air drainage probably 
occurred, as the minimum air temperature was lower than the 
minimum road surface temperature for both stations.. To account 
for this the model was run for both stations with the inputs for 
windspeed reduced by varying amounts until a good fit of the 
minimum temperature was achieved. 
Figure 8.8 shows that the forecast road surface minimum 
temperature curve for culver Bottom, after a 25% adjustment to 
the windspeed, compares well with the measured minimum road 
surface temperature. However there is still a significant 
difference between the forecast and measured minimum road surface 
temperature for Nether Bridge as can be seen in Figure 8.9. This 
shows that cold air drainage was more marked at Nether Bridge 
than Culver Bottom due to a wider and more extensive valley 
system at the former. To account for this the model was run 
again for Nether Bridge, with the initial air and wet-bulb 
temperature reduced. The results in Figure 8.10 show a good 
comparison between the forecast and measured road surface 
temperature curve for Nether Bridge, when the air and wet-bulb 
temperature were reduced by 1 deg.C. 
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Figure 8.6 Forecast Road surface Temperature curve for 
Culver Bottom on November 20th 1991 
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Figure 8.7 Forecast Road Surface Temperature curve for 
Nether Bridge on November 20th 1991 
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Figure 8.8 Forecast Road surface Temperature curve for 
culver Bottom on November 20th 1991 After Alterations to 
surface Climate Model Inputs 
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Figure 8.9 Forecast Road surface Temperature curve for 
Nether Bridge on November 20th 1991 After Alterations to 
surface Climate Model Inputs 
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Figure 8.10 Forecast Road surface Temperature curve for 
Nether Bridge on November 20th 1991 After Second Alteration to 
surface Climate Model Inputs 
The coastal site used was Gallows Gate situated on the South 
coast of Devon, as seen in Figure 1.1. The forecast was made on 
December 11th, a night which although starting rather cloudy, 
became mainly clear with a 5 mjs easterly wind. The details of 
the synoptic situation for that day can be seen in chapter 3. 
The inputs for Gallows Gate are shown below, and the forecast for 
that night can be seen in Figure 8.11. 
Inputs for Gallows Gate 
Air Temperature 
Wet-bulb Temperature 
Depth Temperature 
Road Temperature 
Road Condition 
Windspeed 
Cloud Inputs 1400-0000 
0600-1400 
2 . 5°C 
0.5°C 
4.5°C 
5 .0°C 
Dry 
50 crnjs 
6/8 Low, 
4/8 Low 
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0000-0600 2/8 Low, 
The forecast road surface minimum temperature is low compared to 
the measured temperature. Therefore the forecast was made with 
the windspeed input increased by varying amounts to account for 
the prox imity of the coast. The results can be seen i n Figure 
8. 12, and as can be seen the forecast minimum road surface 
temperature compared better wi th the measured minimum road 
surface temperature when the windspeed was increased by 25%. 
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Figure 8.11 Forecast Road surface Temperature curve for 
Gallows Gate on December 11th 1991 
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The results above show the difficulties in forecasting road 
surface temperatures at valley and coastal sites. Complex 
terrain surrounding these sites is not accounted for by the 
model. Therefore some of the inputs need to be altered to 
produce more realistic site-specific forecasts of minimum road 
surface temperatures. The windspeed input is the best parameter 
under these synoptic conditions to alter for such sites. This 
is because the windspeed controls the amount of mixing of air in 
the boundary layer. An increase in windspeed increases the 
mixing, and so reduces surface cooling. This produces the same 
result as warmer air advecting over a surface, such as at a 
coastal site with an onshore breeze, e.g. Gallows Gate. A 
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decreasing windspeed however reduces vertical mixing and allows 
net longwave radiational cooling to be dominant. The windspeed 
is reduced at Culver Bottom where the valley topography means a 
low exposure, and therefore the wind speed at this station is 
less. Although Thornes and Shao (1991) during a sensitivity 
analysis concluded that a change of windspeed only has a small 
effect on the minimum road surface temperature, they stated that 
the effect was greater when light wind conditions occurred. On 
these extreme occasions, light winds occurred at these sites, and 
the results in this chapter shows that a change of windspeed did 
produce a better forecast of the minimum road surface 
temperature. 
There is greater cooling at Nether Bridge caused by the 
katabatic flow down a wide valley as discussed by Thompson 
(1986). The air which moves down the valley by gravity is 
replaced by cooler, drier air from the valley slopes, increasing 
the stabilty of the air. Therefore the boundary layer is cut off 
from the general synoptic wind and more cooling by loss of 
longwave radiation takes place. So at Nether Bridge a reduction 
was made in air and wet bulb temperature. 
Conclusion 
The sites used for forecasting road surface temperatures for a 
county need to meet certain er iter ia. They need _to be on a 
fairly flat and open site, and more than 10 km from the coast. 
Both Cross Farm and Roborough were the best stations in their 
climate zone to meet these criteria. The forecasts at these 
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stations were found to be as good as, or even better than the 
paired station in the climate zone. 
A successful forecast for valley and a coastal site has been 
achieved. An improvement for selected valley sites can be made 
on a clear night with light winds when the windspeed input is 
reduced by about 25%. In deep wide valleys like Nether Bridge 
the air and wet-bulb temperature input also needs to be reduced 
by 1 deg.C to accurately forecast a minimum road surface 
temperature. These measures are equivalent to accounting for 
cold air drainage. For a coastal site the windspeed needs to be 
increased by 25%, on a clear night with an onshore breeze, to 
account for warm air advection from the sea. All these 
specifications are shown in Table 8.2. 
Table 8.2 Alterations for Forecasting Road surface Minimum 
Temperatures for Valley and coastal stations During Clear 
conditions 
Station 
Culver Bottom 
Nether Bridge 
Gallows Gate 
Topography 
Deep Narrow Valley 
Deep Wide Valley 
Coastal 
Weather 
Clear 
Clear 
Clear 
Input 
Alterations 
Wind -25% 
Wind -25% 
Air Temp -1 deg.C 
Wet bulb -1 deg.C 
Onshore Wind Wind +25% 
When forecasting minimum road surface temperatures for these 
stations, the forecaster needs to adjust the model inputs, 
according to the synoptic conditions on that particular occasion. 
The alteration of the inputs suggested here can only be used as 
a guide. Cloudier or windier nights reduce the effect of cold 
air drainage and coastal warming, Chapter 5 shows that as the 
windspeed exceeds 4 mjs the coastal warming effect diminishes. 
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Chapter 9 
Real Time Road Surface Minimum Temperature Forecasts Using 
Satellite Images for Cloud Inputs 
Introduction 
In chapter 7 satellite images were shown to be a useful tool to 
estimate cloud inputs in a surface climate model, so that a 
retrospective forecast of minimum road surface temperature can 
be made. This chapter examines whether satellite images are 
useful to predict movement of and subsequent cloud cover during 
the night, so that they can be entered as cloud inputs into the 
model, and a Real-Time forecast of minimum road surface 
temperature can be made. Real time forecasts were carried out 
using four concurrent hourly satellite images between 1130 GMT 
and 1530 GMT, to determine the movement of cloud. The west to 
east distance (departure) the edge of a cloud mass has moved in 
one hour can be estimated using the method of plane sailing which 
is shown in the following equation: 
Where 
Dep 
Dlong 
lat 
= 
= 
Dep = Dlong coslat x 111 
Departure in km 
Difference in longitude 
Mean latitude 
( 9 .1) 
In order to calculate the departure in km, Dlong.Cos lat 
needs to be multiplied by 111 as shown in Equation 9.1, as this 
refers to the number of km in a degree of latitude. A right-
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angled triangle is formed, as can be seen in the sketch, .. so the 
actual distance can then be calculated. Therefore speed of 
movement and the time that the cloud mass reaches Devon can be 
estimated. 
Dep 
DLat~· v----Distance ' 
Forecasts were made for 12 nights during February and March 
1994, two forecasting stations were used for each night according 
to the synoptic situatioj and availability of data. It was hoped 
that more forecasts could be made during the winter of 1993/4, 
but technical difficulties at County Hall, Devon prevented any 
access of road sensor data at the University of Plymouth, ~efore 
Christmas 1993. In January 1994 the synoptic conditions 
prevented any suitable nights for forecasts to be made. Five 
nights have been used which are fairly representative of all the 
forecasts made and these are described below. 
The forecast model was initiated from 1400 GMT on each 
occasion, and a forecast was made at 1600 GMT after analysis of 
the satellite images. The quality of the satellite images shown 
in this chapter are again poor, because of archiving, but were 
of sufficient quality when viewed in real-time to forecast cloud 
amount over Devon using the cloud-tracking technique described 
above. 
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February 1st 1994 
A cold front had just cleared Devon by about 1400 GMT and a 
showery westerly airstream followed. Overnight a weak ridge of 
high pressure was expected to cross the area, and a wave on the 
front was expected to bring more rain to Devon the following day. 
Figure 9.1 shows four METEOSAT images between 1230 GMT and 1530 
GMT on February 1st. The cloud associated with the front can be 
seen clearly, as well as the shower clouds out to the west. 
Cloud from the frontal wave was estimated to only affect South 
Devon during the evening and so Roborough in South Devon was used 
in the forecast, and Bratton Down in North Devon was also used. 
Later in the night the cloud from a further wave on the front was 
estimated to reach the whole of Devon. The cloud inputs for both 
stations reflect this. 
Figures 9.2 and 9.3 show a comparison of the forecast and 
measured minimum road surface temperature for Roborough and 
Bratton Down. The difference is large at Bratton Down, up to 3 
deg.C, and at Roborough is 1.0 deg.C. The progress of the cloud 
associated with the frontal wave became slower through the night, 
and also took a more southerly track. Therefore clear skies 
occurred for most of the night at Bratton Down leading to more 
cooling than expected. At Roborough the cloud estimated to occur 
in South Devon during the evening did occur, and later in the 
night the cloud associated with the next frontal wave arrived 
though later than expected. Therefore at Roborough, although 
more cooling than expected occurred, the forecast was not so 
inaccurate as at Bratton Down. 
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The inaccuracy of the forecast was therefore due to the 
complexity of frontal wave which may develop or dissipate. One 
solution would be to supplement the satellite images with 
synoptic upper air data from the forecasting charts in order to 
account for changes of cloud mass velocity approaching the area. 
Input Data for Roborough at 1400 GMT on February 1st 1994 
Air Temperature 
Wet-bulb Temperature 
Depth Temperature 
Road Surface Temperature 
Road Surface Condition 
8.5°C 
6.0°C 
8.5°C 
9.5°C 
Wet 
Windspeed 
Cloud Inputs 
200 cm/s 
1400-1800 3 to 5 oktas Low, 
0000-0600 1-2 oktas Low, 
1800-0000 8/8 Med., 
0600-1400 8/8 Med. 
Input Data for Bratton Down at 1400 GMT on February 1st 1994 
Air Temperature 
Wet-bulb Temperature 
Depth Temperature 
Road Surface Temperature 
Road Surface Condition 
Windspeed 
Cloud Inputs 1400-1800 3-5 
0600-1400 8/8 
5.5°C 
4.0°C 
6.0°C 
9.0°C 
Wet 
200 cmjs 
oktas Low, 
Med. 
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1800-0600 1-2 oktas Low 
Figure 9.1 Hourly METEOSAT Images from 1230 to 1530 GMT on 
February 1st 1994 
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Figure 9.2 Forecast Road surface Temperature curve for 
Roborough on February 1st 1994 
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Figure 9.3 Forecast Road surface Temperature curve for 
Bratton Down on February 1st 1994 
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February 7th 1994 
During this afternoon Devon was in a showery westerly airstream, 
with a ridge of high pressure moving in from the west. Further 
west was a depression and a warm front expected to reach Devon 
during the early hours of the morning. 
Figure 9.4 shows the Meteosat images between 1230 and 1530 
GMT. Over Devon there was broken cloud and a few showers, 
although these were tending to die out. On the last image the 
high cloud from the warm front can be seen on the left of the 
picture. This high cloud was estimated to reach the west of the 
county about 2200 GMT that evening, with the medium cloud 
estimated to reach Devon by about 0400 GMT. Figures 9.5 shows 
the Meteosat images for that night, and Figure 9.6 and 9.7 show 
graphs of forecast against measured temperature for Roborough and 
Stopgate Cross to account for the differences between the east 
and west of the county. 
From the graphs it can be seen that up to about midnight, 
the forecast was within the required accuracy. However after 
that the forecast showed higher temperatures than the measured 
values. This occurred because the front reached Devon later than 
expected. Figure 9.6 shows the medium level cloud reached Devon 
between 0630 and 0730 GMT. On this occasion the front was 
slowing down before it reached Devon, and so the night was cooler 
than expected. Therefore again, upper air charts could have been 
used to supplement the satellite images, producing an improved 
forecast. 
178 
Input Data for Roborough at 1400 GMT on February 7th 1994 
Air Temperature 
Wet-bulb Temperature 
Depth Temperature 
Road Surface Temperature 
Windspeed 
Road Surface 
Cloud Inputs 
Condition 
1400-1800 1-2 
2200-0400 8/8 
6.5°C 
4.0°C 
6.5°C 
12.5°C 
30 cmfs 
Wet 
oktas Low, 1800-2200 Clear 
High, 0400-1400 8/8 Med. 
Figure 9.4 Hourly METEOSAT Images from 1230 to 1530 GMT on 
February 7th 1994 
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Input Data for stopgate Cross at 1400 GMT on February 7th 1994 
Air Temperature 
Wet-bulb Temperature 
Depth Temperature 
Road Surface Temperature 
Windspeed 
Road Surface 
Cloud Inputs 
Condition 
1400-1800 1-2 
2300-0500 8/8 
7.0°C 
4.5°C 
7.0°C 
16.5°C 
30 cmjs 
Wet 
oktas Low, 1800-2300 Clear 
High, 0500-1400 8/8 Med. 
Figure 9.5 Hourly METEOSAT Images from 1630 to 0730 GMT on the 
night of February 7th 1994 
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Figure 9.6 Forecast Road surface Temperature curve for 
Roborough on February 7th 1994 
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Figure 9.7 Forecast Road surface Temperature curve for 
stopgate cross on February 7th 1994 
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February 9th 1994 
A front had just cleared Devon by the afternoon and a ridge of 
high pressure was building over the country. Figure 9.8 shows 
the METEOSAT images between 1230 and 1530 GMT. It shows the 
front moving south, and also shows large amounts of cloud over 
the country. The cloud was mostly high and only affected the 
north and east of the county. The cloud was expected to affect 
north and east Devon until about 1800 GMT, and so representative 
cloud factors were entered for stopgate Cross in East Devon. The 
south and. west of the county had clear skies, and so the 
appropriate cloud factors were entered for Sourton Cross, which 
was representative of this area. The whole of Devon was expected 
to be clear of cloud after 1800 GMT. 
Figure 9.9 shows that skies did remain clear over Devon, 
except in the north and east during the early evening. Figures 
9. 10 and 9. 11 show that the forecast minimum road surface 
temperatures were within 0.5 deg.C of the measured minimum road 
surface temperatures, and the time at which the road was expected 
to reach 0°C within an hour and a half of the time at which this 
was measured. The UK Met. Office forecast was accurate on both 
occasions but showed a slight negative bias, which has also been 
observed on other occasions by Thornes and Shao (1991). 
Inputs for Stopgate Cross at 1400 GMT February 9th 1994 
Air Temperature 
Wet-bulb Temperature 
Depth Temperature 
Road Surface Temperature 
Windspeed 
7.5°C 
5.5°C 
6.0°C 
15.5°C 
50 cm/s 
Wet Road Condition 
Cloud Inputs 1400-1800 1-2 oktas Low, 1800-0900 Clear 
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Input Data for Sourton Cross at 1400 GMT on February 9th 1994 
Air Temperature 
Wet-bulb Temperature 
Depth Temperature 
Road Surface Temperature 
Windspeed 
Road Condition 
Cloud Inputs 1400-0900 Clear 
7 .0°C 
3. 0°C 
6.0°C 
15.5°C 
50 cm/s 
Dry 
Fiqure 9.8 Hourly METEOSAT Imaqes from 1230 to 1530 GMT on 
February 9th 1994 
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Figure 9.9 Hourly METEOSAT Images from 1730 to 0830 GMT on the 
night of February 9th 1994 
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Figure 9.10 Forecast Road surface Temperature curve for 
sourton cross on February 9th 1994 
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Figure 9.11 Forecast Road Surface Temperature Curve for 
stopgate cross on February 9th 1994 
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February 16th 1994 
The satellite images for the afternoon in Figure 9.12 show little 
cloud over Devon. However there was some cloud over the Irish 
Sea and English Channel. As winds were southerly this cloud was 
expected to drift inland into Devon, especially in the south. 
However, in the lee of the moors, less cloud was expected. 
Therefore a forecast was made at Haldon Hill in the south, and 
Bratton Down in the north. Figure 9.13 shows the satellite 
images during the night, which show that some cloud did drift 
into Devon, more especially in the south and there were some 
breaks in the north. Figures 9.14 and 9.15 show that the 
forecast road surface temperature curve closely approximated the 
measured values for both stations. Haldon Hill had a minimum of 
1 deg.C lower than predicted, and this was due to variability of 
cloud. The UK Met. Office forecast was closer than the 
University forecast for Haldon Hill, but less accurate for 
Bratton Down. On this occasion the minimum temperature was below 
0°C at Bratton Down, whereas the UK Met. Office predicted the 
minimum to be 1°C. 
Data Inputs for Haldon Hill at 1400 GMT February 16th 1994 
Air Temperature 
Wet-bulb Temperature 
Depth Temperature 
Road surface Temperature 
Windspeed 
Road Condition 
Cloud Inputs 1400-2100 
6.5°C 
4. 5°C 
4. 0°C 
14. 0°C 
50 cmfs 
Dry 
6-7 oktas High, 2100-0900 6-7 oktas Low 
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Data Inputs for Bratton Down at 1400 GMT February 16th 1994 
Air Temperature 
Wet-bulb Temperature 
Depth Temperature 
Road Surface Temperature 
Windspeed 
Road Conditions 
Cloud Inputs 1400-0000 6-7 
6.0°C 
2.5°C 
4.5°C 
10.0°C 
50 cmfs 
Wet 
oktas High, 0000-0900 3-5 oktas Low 
Figure 9.12 Hourly METEOSAT Images from 1130 to 1430 GMT on 
February 16th 1994 
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Figure 9.13 Hourly METEOSAT Images from 1630 to 0730 GMT on 
the night of February 16th 1994 
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Figure 9.14 Forecast Road Surface Temperature curve for 
Haldon Hill on February 16th 1994 
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Figure 9.15 Forecast Road surface Temperature curve for 
Bratton Down on February 16th 1994 
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March 9th 1994 
The satellite images for the afternoon in Figure 9.16 show a cold 
front approaching Devon from the north west, and a clearance 
coming into Southern Ireland. The cold front was expected to 
clear Devon by about 0000 GMT, and followed by clear skies. The 
satellite images in Figure 9.17 show that the cold front did move 
across the county by early evening leaving only high cloud 
behind. 
The forecast was made at Roborough and Haldon Hill and 
Figures 9.18 and 9.19 show minimum road surface temperatures to 
be predicted within 0. 5 deg. C of the measured values. The 
temperature curve for Haldon Hill closely resembles the measured 
values, but the curve for Roborough for most of the night is 
pessimistic. The UK Met. Office similarly predicted road surface 
minimum temperatures to within 0. 5°C of the measured values. The 
predicted cooling curve for Roborough was similar to the 
University forecast, but was less accurate for Haldon Hill. 
Data Inputs for Roborough at 1400 GMT March 9th 1994 
Air Temperature 8.5°C 
Wet-bulb Temperature 7.0°C 
Depth Temperature 9. 5°C 
Road Surface Temperature 15.0°C 
Windspeed 50 cmjs 
Road Condition Dry 
Cloud Inputs 1400-1800 8/8 Low, 1800-0000 8/8 High, 
0000-0900 Clear 
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Data Inputs for Haldon Hill at 1400 GMT March 9th 1994 
Air Temperature 
Wet-bulb Temperature 
Depth Temperature 
Road Surface Temperature 
Windspeed 
Road Condition 
Cloud Inputs 1400-1800 8/8 Low, 
0000-0900 Clear 
10. 0°C 
7. 5°C 
9. 5°C 
15. 5°C 
50 cmjs 
Dry 
1800-0000 8/8 High, 
Figure 9.16 Hourly METEOSAT Images from 1130 to 1430 GMT on 
March 9th 1994 
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Figure 9.17 Hourly METEOSAT Images from 1630 to 0730 GMT on 
the night of March 9th 1994 
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Figure 9.18 Forecast Road surface Temperature Curve for 
Roborough on March 9th 1994 
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Figure 9.19 Forecast Road surface Temperature curve for 
Haldon Hill on March 9th 1994 
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A comparison was made between the UK Met. Office inputs and 
the University inputs for March 9th, by entering them into the 
University model. This was done with particular reference to 
cloud inputs for both the University and Met. Office. The Met. 
Office forecasted some low cloud at both stations, whereas the 
University forecast using the satellite images was for a clear 
night. Figures 9.20 and 9.21 show that when the Met. Office data 
were used in the forecast, the road surface minimum temperature 
was greater than 1 deg. C from the measured values for both 
stations. This reflected the over estimation of low cloud during 
the night. Also the road was wet at the time of their forecast, 
whereas 2 hours later when the University forecast was made the 
road surface was dry. Evaporation from a wet road speeds the 
cooling process but this was not sufficient· to compensate for the 
overestimation of cloud cover. The UK Met. Office inputs 
produced a less accurate forecast in the University model than 
the 'Open Road' forecast, which shows that their inputs were more 
suitable for the Met. Office model biases. 
Inputs for Roborough on March 9th 1994 
Air Temperature 
Wet-bulb Temperature 
Depth Temperature 
Road Surface Temperature 
Wind speed 
Road Surface Condition 
University Cloud Inputs 
Met. Office Cloud Inputs 
University 
8. 5°C 
7.0°C 
9.5°C 
15.0°C 
50 cmjs 
Dry 
1400-1800 8/8 Low, 
0000-0900 Clear 
1200-2100 7/8 Low, 
0000-1200 2/8 Low 
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Met. Office 
9. 0°C 
7.5°C 
10.0°C 
12.5°C 
50 cmjs 
Wet 
1800-0000 8/8 High, 
2100-0000 4/8 Low, 
Inputs for Haldon Hill on March 9th 1994 
Air Temperature 
Wet Bulb Temperature 
Depth Temperature 
Road Surface Temperature 
Windspeed 
Road Surface condition 
University Cloud Inputs 
Met. Office Cloud Inputs 
University 
10.0°C 
7.5°C 
9.5°C 
15.5°C 
50 cmjs 
Dry 
1400-1800 8/8 Low, 
0000-0900 Clear 
1200-2100 7/8 Low, 
0000-1200 2/8 Low 
Met. Office 
10.0°C 
8. 5°C 
9.5°C 
12.0°C 
50 cmjs 
Wet 
1800-0000 8/8 High, 
2100-0000 4/8 Low, 
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Conclusion 
A total of 24 real-time forecasts over 12 nights, were made at 
the University of Plymouth for the winter of 1994, of which 65% 
of the forecasts made were of sufficient accuracy, with minimums 
to within± 0.5 deg.C of measured values. Only 50% of the 'Open 
Road' forecasts were of sufficient accuracy during the same 
nights. Communication difficulties prevented any forecasts being 
made before January 1994, and the number of forecasts made means 
statistical analysis is of limited value. For forecasts made 
over the 12 nights, the root mean squared error of the minimum 
road surface temperature was found to be 1 deg.C, which is the 
same as for the UK Met. Office forecasts on those nights. The 
UK Met. Office forecasts had a slight negative bias, whereas the 
University forecasts had a positive bias. 
The positive bias of the University forecasts were mainly 
due to occasions such as February 1st and 7th, where an under 
estimation of cloud amount was made. This shows the limitations 
of linear tracking of cloud using satellite images, during 
complex synoptic situations such as the development of frontal 
waves. An improvement may be to use upper air charts, so that 
changes in the velocity of the cloud masses at different levels 
can be estimated. On other occasions the forecasters experience 
of how microclimates react under different synoptic situations 
is also necessary. An example of this being on February 16th 
when cloud affected the south of the county, due to onshore 
winds. 
On March 9th the UK Met. Office and University inputs were 
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compared using the same model. The results suggested that the 
University cloud inputs gave a slightly better forecast on this 
occasion. However, the inputs were also different for road 
wetness, and the Met. Office inputs would have been used to suit 
the Met. Office model biases, rather than the biases of the 
University model. The University and Met. Office inputs need to 
be compared using the same model for many more nights in order 
to prove whether using the University cloud inputs are better 
than the Met. Office cloud inputs. It is suggested that this may 
be carried out in any future research in this field, especially 
as improvements in the forecast at the University and UK Met. 
Office are incorporated into both the model and inputs. 
Satellite images for cloud inputs when used in real time 
forecasts of minimum road surface temperature, resulted in an 
accuracy of within 0.5 deg.C of the measured values on 65% of the 
occasions. Therefore, this is of use, when linear cloud tracking 
is valid. Supplementing this with information from upper air 
forecast charts will improve the accuracy of the forecast for the 
more complex synoptic situations, and therefore for an even 
greater percentage of forecasts a 0.5 deg.C accuracy will be 
achieved. 
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Chapter 10 
Conclusions 
This research, partly funded by Devon County Council, has 
investigated how road surface temperatures react under various 
microclimates and different synoptic situations. This should be 
of use to the forecaster in improving the forecast of road 
surface temperatures in Devon, and also in other areas where 
coastal, hilly or valley locations occur. Cloud amount has 
always been difficult to forecast, and therefore is a problem 
when forecasting road surface temperatures. The use of satellite 
images therefore, is a useful tool to the forecaster, for 
predicting cloud movement, and improving road surface temperature 
forecasts. The following concluding remarks can be made with 
regard to the research carried out: 
During the examination of the thermal mapping carried 
out by Vaisala TMI, the following stations were found 
to be cold spots; Totnes Cross, Yelverton, Gallows 
Gate, Stopgate Cross and Marley Head. 
The work carried out in chapter 3 and 4 showed that on 
calm clear nights the lowest road surface temperatures 
are at the valley stations such as Nether Bridge, 
Culver Bottom, Wellparks and Eggesford, where cold air 
drainage occurs. On cloudy and windy nights the 
higher altitude stations such as Bratton Dowh, Sourton 
Cross, Whiddon Down and Stopgate Cross have the lowest 
road surface temperatures. This agrees with the work 
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carried out by Gustavsson and Bogren (1989). 
In Chapter 4 it was shown that the diurnal range of 
road surface temperature is not useful in determining 
where the lowest road surface temperature occurs, 
except on calm clear nights when cold air drainage 
occurs in the valleys. 
Examination of the coastal influence on road surface 
temperatures expands on Bogren and Gustavsson's (1991) 
observations. Road surface temperatures at stations 
within 15km of the coast were between 0 and 2.5 deg.C 
warmer than at corresponding inland stations when 
onshore winds occur. The most reliable effect is on 
the south coast, where the coastal effect was windspeed 
dependent. It was found to be about 1.5 deg.C when 
windspeed was around 4 mjs. 
In chapter 6 it was shown that when clear skies after 
a cold frontal passage occur, the drop in temperature 
in 5 hours is up to 4-6 deg.c at open sites. The 
reaction time of road surface temperature to the drop 
in air temperature is zero at these sites. This is 
even greater in valleys where katabatic drainage 
occurs. At closed sites the reaction time was up to 
2 hours and the drop in temperature in 5 hours was less 
than at open sites. Table 10.1 suggests changes that 
should be made to the forecast minimum road surface 
temperatures at open and closed sites, according to the 
synoptic conditions following a cold front. This adds 
to the work carried out by Bogren and Gustavsson, who 
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examined temperature changes in Sweden during the 
passage of a warm front 
Table 10.1 Adjustments to Model Inputs and Minimum Road 
surface Temperature for Open and Closed Sites After the 
Passage of a Cold Front 
weather 
Clear following 
cold front and 
wind less than 
7.5 mfs 
Clear following 
cold front and 
wind > 7.5 m/s 
Partly Cloudy 
following cold 
front and wind 
less than 7.5 m/s 
Site 
Open 
Closed 
Open 
Closed 
Open 
Closed 
Alterations 
Model Inputs Min. 'n!Dp. 
wind -20% 
Chapters 3 to 6 highlight that the biggest problem in 
predicting road surface temperatures on a site to site 
basis is the variation in cloud amount both spatially 
and over time. 
In chapter 7 satellite images are tested for 
monitoring the movement of large cloud masses over a 
region, and used in a retrospective forecast of road 
surface temperatures. 
As shown in chapter 9 when forecasting minimum road 
surface temperatures satellite images are useful in 
predicting cloud inputs by linear tracking. When cloud 
masses evolve over time, satellite images need to be 
supplemented by upper air charts in order to estimate 
changes in velocity of medium and high cloud masses. 
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The forecasters experience of the local mi~roclimate 
is necessary to back up the satellite images, 
especially when cloud is more broken. 
Devon County Council were concerned about the 
suitability of Roborough and Cross Farm as forecasting 
stations. In Chapter 8 they were found to be 
appropriate forecasting stations in their climate zone. 
To forecast road surface temperatures at the coastal 
site of Gallows Gate on a clear night, with onshore 
winds of about 4 mfs, a 25% increase in wind speed 
input in the surface climate model is necessary, to 
account for warm advection from the sea, as shown in 
Chapter 8. This is also shown in Table 10.2. 
When forecasting road surface temperatures at the 
valley site, Culver Bottom, on a clear night, with wind 
speed less than 5 m/s, a 25% decrease in the wind speed 
input of the surface climate model is necessary, to 
account for cold air drainage, as shown in Table 10.2. 
The wind data used to represent all the sites in Devon 
were from Ash Mill, which is suitably exposed. For the 
deep and wide valley of Nether Bridge, the air and wet-
bulb temperatures, in the model inputs, also need to 
be reduced by 1°C, to account for the cold air 
drainage. 
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Table 10.2 Adjustments to Model Inputs for Certain Valley and 
coastal stations in Devon 
weather site 
Alteration of 
Model Inputs 
Clear Valley Wind -25% 
Deep Wide Valley Wind -25% 
Onshore Winds Coastal 
Air Temp -1°C 
Wet-bulb Temp -1°C 
Wind +25% 
The results in Tables 10.1 and 10.2 provide a practical aid to 
a forecaster presented with site to site differences in local 
climate across Devon. The incorporation of complex terrain into 
the surface climate model is inappropriate due to the inability 
at the present day to parameterise the surface fluxes over such 
terrain. 
Although much progress has been made, there is still room 
for improving the road surface temperature forecasts, and 
predicting the timing in which road surface temperatures reach 
0°C. The following suggestions are made for further research on 
this subject, both for improving Devon's road surface temperature 
forecasts, and in general to help any forecaster who has to 
predict road surface temperatures for a local area of diverse 
topography and weather conditions. 
Use of satellite images in forecasting road surface 
temperatures supplemented by forecasting charts of the 
upper flow as suggested in chapter 9. 
Modification of model inputs and outputs, after various 
synoptic events, for different locations. 
202 
The incorporation of mesoscale outputs from the Met. 
Office mesoscale model should be considered when small 
scale cloud cover variations are deemed unimportant. 
This includes surface wind and temperature data on a 
15km2 grid over the county. 
Further analysis of topographical influences on road 
surface temperatures with regard to factors such as the 
post dawn freeze. 
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Appendix A 
Cooling Curves of Road Surface 
and Air Temperature for Each 
Station on the Nights Observed, 
Showing Reaction Times After 
Cold Air Advection Referring to 
Chapter 6 
Appendix A 
Coolinq curves for Each station on Each Niqht Observed Showinq 
Road surface Temperature Reaction Times After Cold Air 
Advection 
20 TEf'PERATIJRE mm. Cl 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
B 
7 
6 
5 
4 
3 
2 
1 
0 
r--. 
I \. 
I \ 
11 ~ 
" "'-' 
-- ---·-
-
-
. 
-·-
-" 
-
"-.. 
-
' "---
'-'-
' 
' 
J -R!Hl IDf'ERRJLRE - - FIR 'I'EiflRRrlM: 
( 
-.............. ,i 
----
:; 
-
-
"---
. . . I 
---- ------- .. 
--
-- ---" ' J ' 
-~- - ' / 
~ . ' / 
"":_..../ 
Q ~ ~ ffi m ~ m m ~ ~ ~ ~ o 1 2 3 4 s 6 7 s g m n 
Tll"£ (!J'!Tl 
Fiqure A.1 Road Surface and Air Temperature curve for sourton 
cross on February 27th 1992 
25 TEt"PERATIJRE mm. Cl 
24 f---------------~1 -RmJ ~ -- FIR IDf'ERFlTtil£ ~ ~--------------------~==================~ ~ ~-------------------------~ 
~ ~~,~-----------------------~ 
~ ~~------------------------~ 
19 ~-'~-----------------------~ 
18 ~-~'------------------------~ V -~\ ________________________ ____ 
16 ~--"~-=~-------------------~ 
15 ~----~~~-------------------~ 
14 ~-----~ ------------------~ 
13 ~------~~-----------------~ ~ ~-------~ -----------------~ 
" 11 -- - " 10 ~~~--------- -------~----------------~ 
9 ~--------~-,~'---~--------------~ 
B ~---------~~~~------------~ ~t================-~- -~--~- ~~- -~- :===~~~======~ 5 ~---------------------- ----~-=-~~--~ 
i ~----------------------------------------~--~-~- -~-~~ 
3 ~-----------------------~~==~ 
2 ~----------------------------------------------~ 
1 ~-------------------------~ 0 L_ ________________________________________________ 
12 13 14 15 16 17 18 19 20 21 22 23 0 2 3 4 5 6 7 
Tl 1"£ (triMTl 
Fiqure A.2 Road surface and Air Temperature curve for Haldon 
Hill on February 27th 1992 
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Figure A.3 Road surface and Air Temperature curve for Nether 
Bridge on February 27th 1992 
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Figure A.4 Road surface and Air Temperature curve for culver 
Bottom on February 27th 1992 
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Figure A.S Road surface and Air Temperature curve for Clyst 
Honiton on February 27th 1992 
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Figure A.6 Road surface and Air Temperature curve for Ebford 
Manor on February 27th 1992 
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Figure A.7 Road surface and Air Temperature curve for sourton 
cross on March 1st 1992 
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Figure A.a Road surface and Air Temperature curve for Haldon 
Hill on March 1st 1992 
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Figure A.9 Road surface and Air Temperature curve for Nether 
Bridqe on March 1st 1992 
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Figure A.10 Road surface and Air Temperature curve for Culver 
Bottom on March 1st 1992 
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Figure A.11 Road surface and Air Temperature curve for Clyst 
Honiton on March 1st 1992 
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Figure A.12 Road surface and Air Temperature curve for Ebford 
Manor on March 1st 1992 
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Fiqure A.13 Road surface and Air Temperature for sourton cross 
on January 7th 1993 
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Figure A.14 Road surface and Air Temperature curve for Haldon 
Hill on January 7th 1993 
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Figure A.ls Road surface and Air Temperature curve for Nether 
Bridge on January 7th 1993 
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Figure A.l6 Road surface and Air Temperature for Culver Bottom 
on January 7th 1993 
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Figure A.17 Road surface and Air Temperature curve for Clyst 
Honiton on January 7th 1993 
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Figure A.18 Road Surface and Air Temperature curve for Ebford 
Manor on January 7th 1993 
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Figure A.l9 Road surface and Air Temperature curve for sourton 
cross on February 18th 1993 
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Figure A.20 Road surface and Air Temperature curve for Haldon 
Hill on February 18th 1993 
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Figure A.21 Road surface and Air Temperature curve for Nether 
Bridge on February 18th 1993 
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Figure A.22 Road surface and Air Temperature curve For Culver 
Bottom on February 18th 1993 
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Fiqure A.23 Road surface and Air Temperature curve for Clyst 
Honiton on February 18th 1993 
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Fiqure A.24 Road surface and Air Temperature curve for Ebford 
Manor on February 18th 1993 
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Figure 3.2 The Road Weather Stations in West Devon 
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Figure 3.3 The Road Weather stations in East Devon 
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Figure 3.4 The Road Weather stations in Mid Devon 
Figure 3.5 The Road Weather stations in the Dartmoor Region 
Figure 3.6 The Road Weather Stations in South Devon 
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